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NOMENCLATURE 

1 

Symbol 

A 

A8 

A
e8 

A9 
A18 
AB 
ARd 

a 
AST 
I 
BID 
BPF 
b 
C 

Cl, C2, etc 
Ci - F2 
Cfg 

CD 

c 
D 
Dp 

Do 
Dt 
DTd 
D8 

Dg 
dm 
dB 
Dv 
EGT 
EPNL 
EPNdB 
F 

Fg. fg 

Description 

Area 

Physical primary nozzle exit  (throat) 
plane area 
Effective  throat area 
Nozzle exit plane area 
Fan stream exit area 
Blocked area 
Area ratio:   ratio of total area 
(annulus  for plug nozzles,  plane for 
2-D nozzles)   to physical flow area 
Ellipse semimajor axis 
Advanced supersonic transport 
Turbine blade 
Blow-in-door 
Blade passing frequency 
Ellipse semiminor axis 
Coefficient 
Cor.fressor  rotor 
Compressor rotor - 2nd harmonic 
Nozzle gross  thrust coefficient 
(static and wind-on) 
Nozzle discharge coefficient (ratio of 
actual to ideal flow rates) or inlet area 
coefficient (ratio of actual to physical 
flow area) 

Axial balance readout 

Normalized cross-correlation function 
in-jet to far-field 
Speed of sound 
Diameter 
Aerodynamic drag force 
Nozzle physical outer dia. 
Tube internal diameter 
Circumscribed tube bundle diameter 
Internal diameter of conical primary 
nozzle at primary exit, plane 8 
Internal diameter of nozzle at plane 9 
Outer shroud diameter 
Decibel, re 0.0002 dyne/In.2 

Discharge valve 
Exhaust gas temperature 
Effective perceived noise level 
Unit of effective perceived noise level 
Sabbl separation parameter 
Measured gross thrust (stream) 
Net thrust 

Units 

(in/, fO 

(in.2), (ft2) 
(in.2), (ftj) 
(in.2). (ftj) 
(in.2), (ft2) 
(In.2), (ft/) 

(in.) 

(Hz) 
(in.) 

(Hz) 

counts 

(ft/sec) 
(in.), (ft) 

lbf 
(in.) 
(in.) 
(in.) 

(in.) 
(in.) 
(in.) 
(dB) 

(0 R) 
(EPNdB) 

(lbf) 
(lbf) 
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N 

NOY 
PNL 

NOMENCLATURE (Continued) 

S^Bbol Description Unlt:8 

f Frequency ,  . 
G Real-gas stream thrust correlation 

factor 
j Axial thrust 7,"^" 
■Jx Axial balance force ttli 
„8 J"? nozzle throat height (normal) nn ) 
JjP 2-D "mp (plug) rize JJ^'v 

2"D immersion depth parameter /ln\ 
äPT High pressure turbine . _ 1 

hi h. ^iCal eJector annulus height (mean)        (in.) 
^♦"a 2-D suppressor height (JT ( 

2-D primary flow passage height (in \ 
a Height p ;.ln-; 
L, Pressure altitude 1      JSC3 
IGV Inlet guide vane :";_ 
^ . •'-I imaginary number 
J /PC Normalized reactance (Imaginary part of 

complex acoustic impedance) 
cr Critical flow factor J^W^B 

Ke Fan-core (dual-flow) exit plane 
offset distance ~ 5.75" /ln ) 
Isentropic ratio of specific heats (1.4) 

T
L Calibration load ,,.. 

L Length (lbJ 
T

LP A^ial length of 2-D nsmp llmt 
z Axlal reference locate of variable 

position inlet  centerbody 
8 Shroud internal length (Jn \ 

Lt Tube external diameter /Jl*? 
ipr i vin.; 
711 Low Pressure compressor 
~* Low pressure turbine 11" 
M Mach number 
JJo Freestream Mach number I Z ~ 
"j Jet stream Mach number I 
fWc Aircraft Mach number 
MPT Multiple pure tone 
2 M388 flow rate /IÜLT * * 
Jch Throat Mach number (Ibm/sec) 
N Nozzle 
* Rotational speed 
„*}%• Percent corrected speed T" 
N//e Corrected speed 
n Number rpm 

ff. Narrowband 
^noyance weight SPL; used to calculate 

(NOY) 

' 

i 

xlvlil 



RH 
ri Immersion radius 
ro Outer (tip) radius 
% Hub (inner) radius 
S 

■II*   f'*",T* vr^fgy-1 

^-«J^W^^'^-^wVi.:  *^-;,'i 'i^ i«^. -wr-_ ^.,...1^,1 iiy.,|ii,liii..i 

Units 

dB 

NOMENCLATURE (Continued) 

symbo1 Description 

0B Octave band 
0APWL Overall sound power level re^ 

10-13 watt8 
0AJPL Overall jet pressure level(aero- 

dynamic pressure, nns) dB 
0ASPL Overall sound pressure level JB 
p Pressure _-,..   . 
p * LJ   /- psia, psig 
p° Ambient free stream pressure p8ia, p8ig 
pb Suppressor base static pressure p8ia. Lu, 
Is 1^°  P""«e (surface) p8ia> 

V £ 
pw "a11 surface Pressure p8iaf ^JJ rr Pressure ratio _ _ 1 
PT8 Nozzle exit total pressure p8ia 
JP Static pressure difference pSi 
VfZ  /D s Sound Power level. re lO"13 watts dB 
^i-T/^Max. Inlet total Pressure distortion - (P1Max _ p^^ . 

PNL Pprrpil/oH    nn-lao    1 1  ^^ 

PNdB 
Perceived noise level                     PNdB 
Unit of perceived noise level   

lw,rt Sound pressrre in far field ( vr, 

S 

j Sound pressure in Jet 
^c Compressible dynamic pressure, FT - P 
R Resistance 
R Radius /.     v 
Ro Outer flowpath contour radius (in.) 
H Inner flowpath contour radius (In.) 
R'pc Normalized resistance (real part of 

complex acoustic impedance)   
RPM Revolutions per minute rpo 
R1 Rotor one - 1st stage rotor   
RN Reynolds number 
5_ Radial distance 

Relative humidity VC 
(in.) 

(in.) 

(in.) 
"uu vi-uuety raaxus /£n \ 

Distance between ?, of tube rows (in ) 
:>J2   / x     In-Jet Strouhal number fD/V  '_ 
Sj  • PF PjW     Source function distribution   
|PL Sound pressure level dB 
**• Sideline distance _ _ _ 
SD0F Single degree of freedom - I Z 
SST Supersonic transport   
SABBL Stratford and Beavers boundary layer 

analysis - computer program   
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NOMENCLATURE (Continued) 

Symbol Description Units 

T2 

SM 
STC 

T 

TT8 
Tl. 
U 

Ut. 
u' 
u 
V.v 
Vc 
VF 
Vj, 
VSF 
W, oo 
w 

w8 
WT 
W2 
WPB 
WFT 
x 
X 

Y 
Z 

10 IOR pA 

a 
g 
ß 
e 

w, ej 

P 
I 
A 
A 

Compressor stall margin 
Streamtube curvature - compressible 
potential flow computer program 
Temperature 
Nozzle exit total temperature 
Turbine Stage 1, Stage 2, etc. 
Rotor tangential velocity 
Rotor tip speed 
Turbulent particle velocity 
Mean particle velocity 
Velocity 
Core stream velocity 
Fan bypass stream velocity 
Fully expanded ideal Jet velocity 
Vortex shedding frequency 
Weight flow rate 
Width 
Secondary entrained flow 
Nozzle primary flow 
Total primary and secondary flow 
Induced flow 
Flow width at basis (hub) 
Flow width at tip (casing) 
Axial distance 
Reactance 
Ramp normal coordinate direction 
Axial coordinate from geometric 2-D 
unsuppressed nozzle throat 
Aerodynamic axial calculation station 
Normalizing factor (SPL and PNL) for size 
& test condition variance (deg) 
Angle of attack 
Bypass ratio 
Orifice coefficient 
Angle between a straight line from source 
to microphone and engine or nozzle 1fc ; ref 
to inlet or exhaust (acoustic angle) 
Diffusion angle 
Corrected total temperature ( £ct) 

P   0 
Corrected total pressure ( £ct) 

po 
Jet stream density 
Ratio of specific heats 
Incremental quantity 
Pressure ratio's wave length 
Inlet total pressure recovery factor 

R o 

0 R 

ft/sec 
ft/sec 
ft/sec 
ft/sec 
ft/sec 
ft/sec 
ft/sec 
ft/sec 
Hz 
lb/sec 
(in.) 

lb/sec 
lb/sec 
lb/sec 
lb/sec 
(in.) 
(in.) 
(in.) 

(in.) 

(in.) 
(in.) 

(deg) 

(deg) 
(deg) 

lbm/ftJ 

(ft) 
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NOMENCLATURE (Concluded) 

Symbol 

Subscripts 

AMB, a 
ANN 
Av 
B 
BID 
b 
C 
CH 
D 

e 
e 
EN 
EQ 
Ex 
F 
I 
i 

j. 
H 
Max. 
Min. 
0 

Overall 
PRI 
SP 
S 
t.T 
T 
TE 
th, TH 
Total 
Venturi 
w 
.5 
1 
2 
2.5C 
3 
7 

8 
9 
18 

Description 

Ambient 
Annulus 
Average 
Blocked 
Blow-in-door 
Base 
Core 
Chute 
Subsonic diffuser 
Discharge 
Effective 
Exit 
Entrance 
Equivalent 
Exit 
Fan 
Inlet 
Ideal 
Jet 

Hub 
Maximum 
Minimum 

Freestream or ambient condition 
Combined primary & BID performance 
Primary Inlet 
Spoke 
Static condition 
Total conditions 
Tip 

Trailing edge 
Throat 

Sum of primary & BID properties 
Venturi-measured flowrate 
Wall 
Compressor entrance station 
Metering nozzle station - wind tunnel 
Diffuser exit (aero-traverse) station 
Compressor discharge station 
Flexible seal station - wind tunnel 
Measurement plane for nozzle throat 
Pj and Tj 
Nozzx» throat plane 
Nozzle exit plane 
Fan bypass exhaust throat plane 

Units 

11 
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PRECEDI!« PAflE BUNFCNOT flmn 

SECTION A.O 

TURBOMACHINERY NOISE REDUCTION TECHNOLOGY 

4.1 SUMMARY 

4.1.1    Turbine Noise Reduction 

Acoustic testing of a YJ85  turbojet engine at Edwards Flight Test 
Center (EFTC),  Edwards, California, was performed to: 

Investigate the acoustic charactenscxcs of turbine noise 
in  the  far  field. 

Obtain far-field noise reductions 

Verify air turbine rig results  from Phase I of this program 

The acoustic configurations tested were: 

Baseline 

Increased axial spacing between the turbine 2nd stage stator 
and turbine blades 

Acoustic treatment (single degree of freedom) in the turbine 
exhaust 

These tests demonstrated that increasing the spacing to 1.0 nozzle tip 
chord from 0.34 chords resulted in an average turbine tone PWL reduction of 
5.6 dB in the far field. The acoustic treatment (L/D = 1 with a splitter) 
reduced the turbine tone (second stage) PWL an average of 23.5 dB.  Both the 
spacing and tht treatment were found to suppress the turbine noise over a 
wide frequency range. Jet noise and casing radiation created a "floor" in 
the far field for the J85; this limited the apparent treatment effectiveness 
in the far field for this vehicle. 

The baseline turbine far-field directivities were found to be consistent 
with prior investigations (such as Smith and Bushel, Reference 8). In 
addition, the directivities were similar for both the suppressed and unsup- 
pressed turbines. 

Scaling studies were performed to indicate the magnitude of the turbine 
noise in an SST application. The 300-foot sideline peak PNL's for the 
turbine are summarized below: 
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Condition 
%  rpm 
(J85) 

Baseline   (SST) 
Turbine 
PNdB@110o 

Spacing 
PNdB@110o 

Spacing 
plus 
Treatment 
PNdB@110o 

Takeoff 

Approach 

100 

80 

112.1 

106.8 

103.5 

102.5 

102.9 

93.4 

These perceived noise level results provide a measure of suppression levels 
with turbine spacing and treatment.  It is seen that turbine spacing is 
quite effective in reducing the turbine noise, yet can be done with relatively 
small penalties to the engine system.  The impact of turbine spacing on 
engine system noise was studied in more detail in the Systems Integration 
part of the program reported in Section 5.0. 

^•1.2 Compressor Noise Reduction 

Acoustic testing was performed at Peebles Site IVB on an advanced 
three-stage low pressure compressor fitted with a hybrid inlet to determine 
the noise suppression relative to a cylindrical hardwall baseline at the 
approach and take-off conditions.  This Inlet h^d a design quite similar to 
the SST/GE4 Inlet but had a bellmouth forebody to simulate inflow conditions 
during flight. 

For the approach mode, the hybrid inlet provided 11.5 APNdB noise 
suppression relative to the baseline cylindrical bellmouth inlet at the SST 
selected operating point (InleL throat Mach number =0.78). These results 
are for a 1045 Ihm/sec  SST engine. 

For the take-off mode, the hybrid inlet was evaluated both with the 
blow-in doors closed and open. With the blow-in doors (BID) closed the 
hybrid inlet provided 15.5 APNdB noise suppression relative to the baseline 
Inlet at an inlet throat Mach number of 0.77. 

The auxiliary inlets were designed VQ  that the effect of a high-flow 
Mach number in the passage on noise leakage through the open doors could be 
investigated. However, the aerodynamic performance of the blow-in doors was 
somewhat disappointing in that high throat Mach numbers were not achieved in 
the BID passages. At the high fan tip speeds, characteristic of the take-off 
condition, the noise emanating from the BID's dominated the noise spectra 
and, therefore, the acceleration suppression achieved in the primary inlet 
did not reduce the noise level. However, at these speeds, up to 15 APNdB 
noise suppression for this configuration was achieved relative to the baseline 
inlet.  This was attributed to the acoustic treatment between the fan and 
the doors and the difference in inlet configuration. 
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The aerodynamic performance of the hybrid Inlet with the 
was excellent. The pressure recoveries for both the approach 
(BID's closed) mode were 0.98 at the selectsi operating inlet 
number. There was no performance penalty due to the addition 
treatment to the Inlet. The radial pressure distortions were 
0.063 (maxlmum-mlnlmum/average) for the approach and take-off 
respectively, with about 30% of the flow area adjacent to the 
below average. 

BID's closed 
and take-off 
throat Mach 
of acoustic 
0.047 and 
modes, 
tip flowpath 

Inlet performance, with the three BID positions investigated, was 
below the level assumed in sizing the inlet.  Overall operating point 
recoveries were 0.952 to 0.962, with corresponding radial distortions of 
about 8% and 42 to 66% area extent, increasing with BID throat area.  This 
performance degradation caused the primary/BID flow split to depart signifi- 
cantly from the design Intent for the nominal and large BID settings. 

Another method of suppressing compressor noise was evaluated:  that of 
using the IGV variable flaps to reduce area and Increase Mach number in the 
IGV passage.  For the High Mach IGV Test, significant noise suppression was 
achieved. A 9 APNdB noise reduction was measured at a 1410 ft/sec tip speed, 
and a 5.5 APNdB reduction was measured at a 1524 ft/sec tip speed. However,' 
coupled with these noise reductions was a sharp drop in fan performance, i.e., 
airflow and pressure ratio. The corresponding thrust loss was so great that 
this suppression technique Is rendered impractical for high power flight 
conditions (i.e., takeoff). It might possibly have an application for the 
api oach mode, where thrust requirements are low, but the penalties involved 
In Its implementation would likely result in a poor trade with noise suppres- 
sion gains. 

4.2  INTRODUCTION 

4.2.1 Background 

It is well known that the environmental impact on community noise for a 
supersonic transport system is generally dominated by jet noise at the side- 
line measuring point during takeoff. This is particularly true for turbojet 
and low bypass ratio turbofan cycles. 

The SST engine turbomachlnery components which dominate the generated 
noise are the first compressor stages and the last turbine stages.  Both 
were studied in the current program.  A three-stage low pressure system with 
variable flap IGVs was used as the source model in the compressor noise 
investigations. This fan had an overall design pressure ratio of 4 and a 
Rotor 1 tip speed of 1524 ft/sec. As such, it constituted a valid model for 
low bypass (ß - 0.2) turbofan SST engine noise studies. This same compressor, 
or variations thereof, has been used extensively in the Advanced Supersonic 
Transport (AST) Studies being conducted by General Electric for NASA-Lewis 
under Contract NAS3-16950, in cooperation with several alrframe manufacturers. 
Two approaches to limiting the propagation of compressor noise were studied: 
namely a hybrid inlet and high Mach number IGVs. 
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The YJ85-5  turbojet engine was  used  for  the turbine noise  investigations 
A large  inlet suppressor  for compressor noise and an open nozzle  for jet 
noise  reduction were used to unmask the far-field turbine noise.     The J85 
engine has  a relatively high pressure two-stage  turbine designed for a tip 
speed of 1181  ft/sec.    As such,  it  represented a valid model  for SST engine 
turbine noise investigations.     The details  and results of both  the compressor 
and turbine tests  are included in the sections which  follow.     In Section 5 
these  results,  combined with the jet noise reduction results,  are  applied in 
a Systems  Integration Study  to define  the  level of SST noise  technoloev 
developed under this program relative to the current FAR-36  regulation. 

^••2.2    Turbine Noise Reduction 

In the past,  the noise generated by the turbine has not been as signifi- 
cant  as  the noise problems associated with other jet engine components, e.g. , 
the compressor or  the jet.    With the significant  acoustic  gains   that have 
been made  in controlling the  far-field noise  from other components,   considera- 
tion of turbine noise and its  reduction becomes an integral part  of any 
systems noise study.     Consequently,   there  is a definite need  for  turbine 
noise data and established turbine noise  reduction methods. 

The  Supersonic Transport  Noise Reduction Technology program.  Phase  II 
was established with the broad goal of providing the a^itional acouTtic 

»Itltllfi ne,CeS8fry 5° desi^ hi8h sPeed aircraft systems  recognizing future 
acceptable noise levels.    Within this  framework,  a turbine noiseTreduction 
study was established with the following objectives: 

• Determine the best methods  of minimizing turbine noise 

• Demonstrate turbine noise reduction techniques experimentally 

• Extend near-field results  from Phase I to the far field 

«m »tT^l10 ITS** 0J a YJ85 turb0Jet en8ine was performed to demonstrate 
and evaluate methods of suppressing this  turbine noise  for the SST. 

^•2.3    Compressor Noise Reduction 

w  .-h6^1118 TS ri^Y** t0 evaluate  the ^suppressed compressor noise 
and the use of a hybrid inlet to suppress  this noise for both  take-off and 
tllTrf1 f11?t""1?1"0"8'     *« addition,  a pioneering effort  to evaluate 
Jn^r    nn  A bl°rln:d00r auxlllary inlets,  a necessary part  of any SST 
inlet,  on take-off noise was accomplished with an attempt in the desißn to 
hlSTSTch        "ol8Vea^ through the doors.     FinallyAhe generation^ 
hlgh^Mach numbers in the IGV passage was also used to suppress  the compressor 
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The variable geometry inherent In a supersonic transport engine Inlet 
and nozzle makes It well suited to the hybrid inlet concept, which employs 
moderate airflow acceleration suppression In addition to wall acoustic treat- 
ment suppression, and thus avoids the performance problems associated with 
hard choking the inlet. The variable geometry already present makes it 
possible to use the same inlet noise suppression scheme at take-off and 
approach conditions. Approach, of course. Is the most Important condition 
with regard to compressor noise, since jet noise dominates at takeoff, 
although some compressor noise suppression is required at this condition. 
The hybrid inlet had a basic design quite similar to the SST/GE4 inlet, but 
had a bellmouth forebody to simulate Inflow conditions during flight.  Four 
segments of wall acoustic treatment were used in order to suppress a wide 
range of frequencies (that is, the blade passing frequency of all three 
rotors, the first rotor second harmonic, and the lower frequency multiple 
pure tones). The treatment panels were replaceable with hardwall panels so 
that acoustic treatment suppression could be isolated. A baseline cylindrical 
inlet also was tested to evaluate the basic source noise characteristics of 
the compressor, to isolate the acceleration suppression, and to perform the 
High Mach Number IGV test. 

4.3 TURBINE NOISE REDUCTION 

4.3.1 Test Description 

4.3.1.1 Vehicle Description 

The test vehicle for the turbine tests was a YJ85-5. A cutaway of a 
J85 is shown on Figure 350.  The J85 turbojet engine has an eight-stage 
compressor (with an air bleed system) and a two-stage turbine. Blade numbers 
for the rotor stages are presented on Table 12. 

The basic J85 turbine is illustrated on Figure 351.  For the speed 
range tested (70% to 100% rpm), the turbine tip speed ranged from 826 ft/sec 
to 1181 ft/sec; and, the turbine pressure ratio (PTin/PSout) varied between 
2.4 and 5.0. The turbine inlet temperature ranged from 1300° to 1670° R. 

4.3.1.2 Configuration Selection 

There are two methods for reducing the turbomachinery noise emanating 
from a jet engine:  (1) reducing the power of the noise source, and (2) absorb- 
ing the acoustic energy before it is radiated to the far field. 

It was decided that the turbine source noise reduction methods that 
were investigated would be applied to the noise generated by the turbine 
second stage blade. The main reason for selecting the second stage for 
investigation was that the test results would be more easily interpreted, in 
that such complexities as blade row attenuation and rotor interaction with 
both upstream and downstream nozzle blades would be avoided. 
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Table   12.     Blade Numbers   for J85 
Turbomachinery. 

; ■' 

Compressor 

Number of 
Stage Blades 

1 31 

2 60 

3 87 

4 106 

5 131 

6 132 

7 140 

8 120 

Turbine 

Number of 
Stage Blades 

1 75 

2 55 
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Figure 351.  J85-5 Turbine Baseline Configuration. 
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A systematic investigation of the effects of spacing on high pressure 
turbine noise was one of the avenues of Investigation in Phase I (Reference 
3).  A schematic of the test turbine from Reference 3 and the spacings tested 
are presented on Figures 352 and 353, respectively. A summary curve of the 
acoustic results is presented on Figure 354.  As indicated, an Increase cr 
the second stage turbine spacing to one nozzle tip chord would result in a 
significant noise reduction for the J85. 

In addition to the spacing tests, the Phase I program investigated 
problems associated with high temperature treatment design and established 
criteria necessary to apply acoustic treatment technology to turbine noise 
reduction studies.  A number of candidate materials (Figure 355) were evaluated 
using the high temperature acoustic duct facility (Figure 356). Typical 
results are shown on Figures 357 through 359.  These studies concluded that 
Single Degree of Freedom (SDOF) treatment should be used in high temperature 
applications because of its predictable acoustic behavior in the turbine 
environment and its superior mechanical characteristics. 

Thus, based on Phase I results, the best acoustic configurations for 
minimizing the turbine noise would be:  first, increasing the turbine second- 
stage axial spacing to reduce the noise generation and, then, adding acoustic 
treatment in the turbine exhaust duct. 

Spacing is not the only method for reducing the source noise in turbo- 
machinery.  Other techniques which have been used successfully in the past 
for fan/compressor modifications include:  circumferential lean of the 
stationary blades to phase the interaction, swept blades to increase the 
spacing in the tip region, and changing the rotor/stator blade number ratio 
to create modes which propagate less efficiently. Within the scope of this 
program, however, the only practical alternative to spacing was to circumfer- 
entlally lean the second-stage vanes.  Analytical studies were made to deter- 
mine the relative noise reduction of spacing versus leaned vanes.  The 
analysis procedure used was similar to the one presented in Reference 43. 
Results from these studies are summarized on Figures 360 and 361.  For the 
J85, spacing is the best initial method to reduce the noise generated by the 
second-stage vane/blade Interaction. 

Thus, it was decided that the two turbine acoustic configurations that 
would be tested were:  (1) spacing, and (2) SDOF acoustic treatment downstream 
of the spaced turbine. 

A practical upper limit on the amount of treatment that might be utilized 
in an engine application is "one diameter in length with a treated splitter." 
Testing the J85 with maximum exhaust treatment thus would provide an estimate 
of the upper limit for turbine noise suppression.  Selection of the amount 
of treatment required to meet any systems goals could then be determined by 
interpolation rather than extrapolation. A nominal tuning frequency of 
16 KHz was selected in order to:  (1) suppress the stage 1 noise (not directly 
affected by spacing), and (2) utilize the broadband suppression character- 

istics of SDOF to further reduce the stage 2 noise in the far field.  The 

results of a design study for the J85 showed that a treatment depth of 
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Figure 353.    Turbine Schematics and Spacings Tested. 
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J CER-VIT No.   1 

Hole Dia = 0.02  in. 
40% Open 

[I 0.5 in. 

JL 

CER-VIT No. 3 

Hole Dia = 0.03 in. 
20% Open 

_ _ 

0.5 in. 

JL 

SDOF No. 18 

Hole Dia - 0.062 in. 

4% Open = 0.03 in. Thick Faceplate 

mi TT 
0.25 in. 

SDOF No.   19 

Hole Dia = 0.062 in. 
7% Open = 0.03 in. Thick Faceplate 

T 
0.25 in. 

  

Mono-Block 
T 
0.5 in. 

Mono-Block T 
1.0 in. 

JL 

Figure 355. High Temperature Acoustic Treatment, SST 
Noise Reduction Technology, Phase I. 
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^.3.1.4    Test Program and Results 

The test program was performed at  the General Electric Flight Test Center 
facilities,  located at Edwards Air Force Base in Southern California.    A 
description of this   facility  is  presented in Appendix A. Tn Annendix R.   I-HP  
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0.125 inch, having a peak suppression In the 14.5 KHz to 18 KHz range 
(approach through takeoff), would provide significant turbine suppression. 

The J85 turbine schematic was shown previously on Figure 351.  The 
spaced second-stage turbine and the spacing-plus-treatment configurations are 
illustrated schematically on Figures 362 and 363.  The hardware for the 
acoustic treatment section is shown on the photograph of Figure 36A.  The 
assembled treatment section is shown on Figure 365 (aft looking forward). 

4.3.1.3 Isolation of Turbine Noise 

In order to minimize the inlet noise radiated to the far field, an inlet 
suppressor which has been used successfully for J79 testing (Reference 1) 
was adapted to the J85 (Figure 366) . 

The J85 engine has a variable area (Ag) exhaust nozzle.  For these 
acoustic tests, jet noise masking of the turbine acoustic signal presented a 
potential problem.  The far-field jet noise could be reduced by opening the 
nozzle which lowered the jet exit velocity.  A review of available J85 data 
on the engine operating limitations was made, and the maximum nozzle area 
setting for the acoustic tests was determined to be:  200 in.2 at 70% through 
95%  rpm and 160 in.  at 100% rpm.  The nominal value of Ag at 80% speed is, 
for comparison, 131 in.2. 

An analytical study was made to determine the effectiveness of testing 
at maximum Ag in order to unmask the turbine.  The turbine noise model from 
Smith and Bushel (Reference 8) and the SAE AIR 876 jet noise model (Reference 
44) were used.  Typical predicted spectra from these studies are presented on 
Figures 367 and 368.  Also shown for comparison are the predicted jet spectra 
for the J85 at the nominal area setting.  Two important conclusions from 
this study were: 

(1) Opening the exhaust nozzle is necessary in order to avoid 
masking of the turbine by the jet noise. 

(2) Even at maximum Aß, there may still be a potential jet noise 
masking problem at 95% and 100% rpm. 

Because the acoustic effects of the inlet suppressor and operation at 
maximum Ag were not known, extra testing was planned for the baseline config- 
uration; i.e., the baseline J85 was tested on a nominal and maximum Ag 
schedule both with and without the Inlet suppressor.  Thus, comparisons could 
be made to determine the extent of compressor, jet, and turbine noise for 
the baseline J85, and the effect of the suppressor and maximum Ag operation 
on the turbine far-field acoustic signal could be determined. 
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Figure 362.     J85-5 Turbine Increased Spacing, V2-B2. 
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4.3.1.4 Test Program and Results 

The test program was performed at the General Electric Flight Test Center 
facilities, located at Edwards Air Force Base in Southern California. A 
description of this facility is presented in Appendix A. In Appendix B, the 
acoustic data reduction system is described. 

The acoustic tests of the J85 were performed according to the test 
matrix presented on Table 13.  Summaries of the actual nozzle settings and 
speeds tested along with the ambient conditions for the baseline (max. Ag 
with inlet suppressor), spacing, and spacing plus treatment configurations 
are presented in Appendix D. 

4.3.2 Discussion of Results 

4.3.2.1 Identification of Turbine Noise 

As has been noted previously, in order to ensure that the turbine noise 
could be measured in the far field, the tests were performed with an inlet 
suppressor (minimize inlet noise) and on a maximum exhaust nozzle schedule 
(low jet noise) . Additional points were added to the baseline tests in 
order to Investigate the effects and the effectiveness of these measures. 

The approximate peak Strouhal frequency (peak jet noise) is 400 Hz. The 
jet noise reduction which was achieved is indicated by comparing the 400 Hz 
1/3-octave SPL directivities for the nominal Ag schedule and the maximum 
Ag tests, Figure 369 (100% rpm) for example. 

Similarly, the effectiveness of the inlet suppressor is shown by compar- 
ing the first-stage compressor tone SPL directivities (1/3-octave data) for 
the bellmouth inlet and the inlet suppressor configurations, Figure 370 (80% 
rpm). 

The combined effect of maximum Ag operation and the inlet suppressor are 
shown on Figures 371 through 373 where typical one-third octave spectra at 
40° (front max. noise), 110° (turbine max. noise), and 140° (aft max. noise) 
are shown at approach for the bellmouth/nominal Ag, bellmouth/max. Ag and 
inlet suppressor/max. Ag acoustic tests.  In addition to supporting the prior 
evidence that the inlet suppressor and max. Ag operation were effective in 
isolating the turbine far-field noise, these spectra comparisons indicate two 
other things. First, the "bare" J85 (bellmouth inlet/nominal Ag) far-field 
noise signature contains significant contributions from the compressor and the 
jet (i.e., the inlet suppressor and max. Ag operation were necessary to isolate 
the turbine noise signal). Second, the turbine l/3-oc'..ave "tone" SPL's 
increased in level when the exhaust nozzle was opened. This indicates that 
the engine operating point shifted (increasing the turbine noise that was 
generated); this shift is shown on Figure 374, where the turbine pressure 
ratio (PTin/PSout) and energy extraction (ÄTt/Ttln) are shown versus the tur- 

bine speed function. Opening the nozzle caused the turbine to operate at a 

: 
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Table  13.     YJ85-5 Test Point Matrix Turbine Noise Reduction. 

Corrected 
Speed, % 

Bellmouth 
Baseline w/ 

Inlet Suppressor 
Spacing 
(Max. A0) 

O 

Treatment 
(Max. A8) Cycle A 

8 
Max. A 

8 
Cycle A 

8 
Max. A 

8 

70 X X X X X X 

75 X X X X 

80 X X X X X X 

85 X X X X 

90 X X X X X X 

95 X X X X 

100 X X X X X X 

Run and repeat at each point. 
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higher speed function and,   consequently,   at  a higher pressure   ratio and 
higher  loading;   this  resulted in  the turbine noise  increase  in  the   far-field 
data. 

As noted on the one-third octave spectra, the band which contains the 
turbine second-stage blade passing frequency also would contain the compres- 
sor tones from the stage 2 fundamental and stage 1 second harmonic.  The 
far-field narrowband spectrum at 80% speed, 110° to the inlet. Figure 375, 
shows that with the inlet suppressor there were no significant contributions 
from the compressor tones at 110°.  A comparison between the far-field narrow- 
band and one-third octave turbine stage 2 directivities, Figure 376, shows 
that the influence of the residual compressor tones was negligible for acoustic 
angles 40° through 160°.  For this reason, one-third octave PWL's used in the 
analysis of the test results do not include the data at 20° and 30°.  Com- 
parisons of the far-field narrowband spectra from the configurations tested 
Indicated that 8 KHz should be used as a lower frequency bound for calculat- 
ing an overall turbine PWL.  Both of these results have been factored into 
the PWL and OAPWL's tabulated in Appendix D. 

A second feature which is evident in the far-field narrowbands is that, 
rather than having a distinct tone at turbine blade passing in the far field, 
there Is a rather broad hump or haystack of noise in the far field around the 
blade passing frequency. Examination of the baseline probe narrowbands 
(Figures 377-380) reveals, that in the duct the turbine noise is indeed a tone. 
The mechanism behind this modulated tone (haystack) in the far field is 
thought to be the effect of radiation of the turbine tones through the turbu- 
lent jet. The total "tone" energy in the far field is then the integrated 
value across the frequency range of the haystack; this integration is approxi- 
mated by using the l.'3-octave PWL's In this report. A comparison between the 
far-field one-third jctave PWL's and the duct (probe) PWL's is shown on Figure 
381.  Considering th* unknowns (i.e., transmission from the duct to the far 
field) the agreement Is quite good. 

The J85 baseline turbine directivity (stage 2) is compared with the 
directivities from Smith and Bushell's work (Reference 8) on Figure 382. 
The good agreement in the aft quadrant shows that operation at maximum A8 
did not create a turbine directivity pattern untypical of a turbojet. 

In summary then: 

• The J85 turbine noise was discemable in the far field when the 
inlet suppressor was used, and the exhaust nozzle was at the 
maximum area setting. 

• Opening the exhaust nozzle shifted the turbine to a higher 
point on its operating line. This resulted in a higher turbine 
noise level at max. AQ,  which suggests a strong dependence of 
turbine noise on the turbine pressure ratio and/or energy 
extraction. 

t 
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Figure 381.    Comparison Between Duct and Far-Field Measurements. 
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• The inlet suppressor effectively eliminated the influence 
of comp/essor tones on the 1/3-octave turbine data at 
acoustic angles of 40° through 160°. 

• The baseline turbine noise in the far field was a modulated 
tone. 

• The duct measurements (tone PWL's) were in agreement with 
the far-field one-third octave PWL's. 

• Measured turbine directivities were consistent with previously 
published results. 

^•3.2.2 Effects of Spacing and Treatment 

"f16 one-third octave SPL directivities for the band containing the stage 
2 blade passing frequency at 80% speed are presented on Figure 383 for the 
baseline spacing, and spacing-plus-treatment configurations. There appears 
to be a noise floor" at approximately 65 dB. Except for the influence of 
this floor, the directivities are similar for all three configurations. The 
one- bird octave spectra at 110» are compared on Figure 384.  In addition to 
the large noise reduction at blade passing which was evident in the direc- 
tivities this spectral comparison demonstrates that both the treatment and 
the: spacing resulted in a significant noise reduction over a wide frequency 
range.  This broadband suppression, associated with spacing and treatment is 

III    "7    .li:  the fTfield narrowband ^ctrum comparison (110») oHlgure 
385  In addition to the previous observations, two other features are evident 
First, for the fully suppressed configuration (spacing-plus-treatment), a 
one appeared at 3 KHz  The source of this tone is unknown; it is peculiar 

to this speed/point configuration. Second, for the fully suppressed configu- 
ration tones rather than haystacks appeared in the far field. This suggefts 
hat either:  (1) the far-field tones are the result of casing radiation 
(unaffected by the jet), or (2) the haystacking phenomena are amplitude- 
dependent, hence the fully suppressed tones are not "strong enough" to have 
modulation occur. w 

f.. f^^far"fieud ?ne dlrectlvlty. one-third octave spectra at 110°. and 
III <      t^l *  SPeCtra at 1100 are comP^ed on Figures 386, 387 and 
388 for the three configurations at the 90% 3peed point. As with the 80% 
M':: 

the far-field turblne noise reduction is quite significant not only at 
blade passing frequency but also over a broad frequency range; the direc- 
tivities are similar, and tones reappeared in the far field 

^n. ™"±th  ^heu
bafllne results, the comparison is good between the probe 

tone PWL s and the far-field one-third octave PWL's for the spacing confle- 

flr "Id oTr389- ^/^ ^ S"™™***  configuration, h^evlr^the8 
IhZlt K i^rowhand'  no haystacking) PWL's were generally 10 dB higher 

Till  path'L  f   ' I18"6 390- ^ indiCateS that the P^ tränst! 
sion path is not out the exhaust duct but. rather, that casing radiation is 
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Figure 389.  Spacing Test, Comparison Between Duct and 
Far-Field Measurements. 
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dominant  in  the  far field  for  the  fully suppressed configuration.     This 
supports the hypothesis  that casing radiation is the source of  far-field 
tones   for  the  fully suppressed  configuration. 

One other feature  of  the  fully suppressed probe data  (Figures  377 through 
380)   is  that  the broadband noise  for the outer acoustic probe  (Probe No.   1) 
was  10 dB above the tone level at  the inner probe  (Probe No.   2).     For pur- 
poses  of calculating the PWL's,  it was assumed that the  tone at Probe No.   1 
was the same level as at Probe No.   2 but masked by the broadband noise. 

The reductions in far-field PWL at the turbine stage 2 blade passing 
frequency are shown on Figure 391.    Also shown,  is the projected PWL reduc- 
tion which would have been achieved If there were no casing radiation "floor" 
in the far field (using the probe results)   for the fully suppressed configur- 
ation.     These tests demonstrated that the turbine noise in the far field 
could be reduced significantly by incorporating spacing and/or treatment in 
the turbine design.    Furthermore,  for the levels of noise reduction achievable, 
casing radiation considerations must be factored into acoustic design 
decisions. 

One-third octave far-field PWL spectra at 80% and 90%  rpm are shown on 
Figure  392 and 393.    As with the SPL data,  the turbine noise reduction 
occurred over a broad frequency range.    On a one-third-octave basis,  a broad- 
band noise  floor holds  the fully suppressed data at a higher level  (approxi- 
mately 5 dB higher at blade passing versus the narrowband PWL).     This broad- 
band noise is attributed to jet noise and/or casing radiation.    The reductions 
in  the turbine OAPWL's are shown on Figure 394;  again,  the apparent broadband 
noise floor causes the decay In the treatment effectiveness at the high speed 
points. 

As previously noted,   the J85 spacing that was tested was based on rer -.Its 
from Phase I of this program.    The average reduction in turbine tone PWL's 
from the J85 spacing test Is compared with the Phase I  results on Figure 395. 
The PWL reductions derived  from the duct probe data are shown versus engine 
speed on Figure 396 for the J85.    The variation in the APWL's  is  consistent 
with  the variations in the Phase I component test data  (Reference 3).    A 
comparison between the two turbines  tested in Phase I and Phase II is made on 
Table 14.     The primary differences between these turbines  are the PWL's  and 
the stage pressure ratio's.     The difference in PWL for  these two turbines at 
different pressure ratios,  along with the change in turbine tone level which 
was  observed in the J85 baseline data when the exhaust nozzle was opened 
(changing the turbine pressure ratio),   leads to the conclusion that pressure 
ratio should be a prime factor in turbine noise correlation work and/or 
scaling studies. 

The design goal for the turbine acoustic treatment was  20 dB.    The test 
results, excluding casing radiation, show that the average suppression was 
23.5 dB  (probe data).    This confirms the conclusion made  in the Phase I 
program,  that,  for high temperature applications, SDOF acoustic treatment has 
predictable acoustic behavior. I 
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486 

IIHIWIIIIII     ,,1 III 

"f     mm  'i   !<►- »»-Ti—- 



--— mmttHtm 

150 

6.3 10 16 25 40 
Frequency,  £  , KHz 

Figure 393.     J85 Far-Field PWL Spectra,   90% Speed. 

63 

487 

h^   ■   •■^■-^..i: 



JO 
- 

2 
I 

a 

I 
OS 

700 800        900       1000       1100 

Turbine Tip Speed, ft/sec 

1200 

Figure 394. Reduction in Turbine GAPWL, J85 Far-Field Data. 
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Table 14.  Comparison of HPT Acoustic Test 
Probe Data. 

Single-stage HPT   J85 2nd Stage 
(Phase I)        (Phase II) 

PWL (dB) 

No. Turbine Blades 

Spacing/Tip Chord 

ütip> ft/sec 

Mach No. (Tip) 

Stage Loading 

Stage Pressure Ratio (P /P ) 
T S 

149.5 135.9 

80 55 

0.306 0.341 

966 1181 

0.847 0.714 

0.7114 0.879 

5.11 2.702 

: 
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For a given treatment configuration (in this case SDOF as specified on 
Figure 363 with treatment on the hub, splitter, and outer casing), the sup- 
pression is (to a first-order approximation) directly proportional to the 
treatment length.  Thus, the suppression achievable for varying lengths of 
treatment can be drawn for the J85, Figure 397.  Also shown on Figure 397 is 
the casing radiation floor experienced In this test, and the projected sup- 
pression which would be observed in the far field in a test for the effect 
of treatment length. 

The effect of eliminating the splitter from the treatment section would 
be to lower the ideal suppression by roughly a factor of 4.  This is 
illustrated on Figure 398. 

While the effects of spacing and the effects of treatment are functions 
of the specific design under consideration, the turbine noise suppression 
curves of Figures 395 (spacing) and 397 or 398 (treatment) can be used to 
estimate what acoustic modifications are required to meet systems noise 
goals for preliminary design studies. 

4.3.2.3 Full-Scale Results 

In order to provide a basis for the assessment of full-scale (SST size) 
turbine noise, the J85 far-field data were scaled on a weight-flow basis to 
the SST size. This scaling resulted in a downward frequency shift of 
approximately 7 1/3-octave bands.  Generally the J85 data below 8 KHz were 
omitted; however, each case was examined individually, and the lower frequency 
limat was adjusted. PNL directivities (300-foot sideline) at 80%, 90% and 
100% are shown on Figures 399 through 403. The PNL reductions at HO^are 
shown versus engine speed on Figure 402. Again, the jet noise floor, and the 
casing radiation, hold the fully suppressed turbine data at a higher PNL 
value to the extent that no reduction is seen at takeoff.  Comparing the J85 
PWL reductions at blade passing. Figure 391, with the full-scale PNL reduction 
Figure 401, for the spacing configuration shows the delta's to be nearly the 
same, i.e., APWLj85 = APNLSST.  Thus, without the effects of the jet noise 
floor and casing radiation, a PNL reduction on the order of 25 to 30 PNdB 
could be achieved for the turbine by including spacing and treatment in the 
design. 

^•3.2.4 J85 Performance 

A comparison between engine performance of the J85 for the baseline 
engine (nominal and maximum A8) and the engine with the increased turbine 
second-stage spacing is presented on Table 15.  Opening the exhaust nozzle 
for the baseline J85 moved the operating polnt(s) considerably, relative 
to the nominal nozzle performance.  Operating so far "off-design" essentially 
eliminates the possibility of extrapolating the performance results directly 
to other engines. However, from an acoustic standpoint, opening the nozzle 

was necessary. When the turbine spacing was increased, the flow apparently 
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Table 15.     Performance Comparison. 

Takeoff 16,500 rpm 

Test Vehicle 
Airflow, 
lb/sec 

P3 
P2 

EGT, 
o F 

P5.1 
P2 ft/sec 

Base/Cycle A 
8 

40.3 6.18 1027 1.74 1582 

Base/Max. A 
o 

40.9 5.89 821 1.42 1167 

Turbine Spacing 42.72 5.70 749 1.50 1239 

Approach 13, 200 rpm 
■ 

Airflow, P3 EGT, P5.1 V.,a,, 
Test Vehicle lb/sec P2 o F P2 ft/sec 

Base/Cycle A 
8 

27.0 3.16 790 1.17 736 

Base/Max. A 
8 

27.2 3.04 680 1.07 410 

Turbine Spacing 29.9 3.17 596 1.12 393 

■aa 
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had a chance to "straighten itr.elf out," e.g., the pltchline analysis 
indicates that the relative air angle into the second-stage turbine blades 
was VI80 for baseline nominal Ag, ^24° for baseline max. Ag, and ^21° for 
spacing max. Ag.  Summary curves showing pertinent operating parameters are 
shown on Figure 403. 

While it is recommended that these results should not be applied 
quantitatively to other turbines, they do point out that spacing docs not 
necessarily Impose a severe performance penalty. 

A.3.3 Summary and Conclusions 

1. Both spacing and treatment art quite effective methods for 
suppressing turbine noise in the far field. 

2. Both spacing and treatment suppressed turbine noise over a 
broad frequency range. 

3. The spacing results are consistent with Phase I of this 
program. 

4. Far-field directivities are similar for the suppressed and 
unsuppressed turbines. 

5. Measured directivities are consistent with previously 
published results. 

6. Both jet noise and casing radiation must be considered 
in setting the noise floor prior to selecting the amount 
of turbine treatment required. 

7. Future turbine noise correlations and scaling studies 
should consider turbine pressure ratio as a key parameter. 

8. Spacing does not necessarily impose a severe performance 
penalty on the system. 
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4.4 COMPRESSOR NOISE REDUCTION 

4.4.1 Test Description 

4.4.1.1 Vehicle Description 

The vehicle tested Is representative of a low pressure fan for a 
Supersonic Transport (SST). The design characteristics are listed in 
Table 16.  The low pressure compressor (LPC) test vehicle is a three-stage 
and has an inlet guide vare system with fixed forward struts and long- 
chord variable trailing-edge flaps. The rotors are unshrouded with the 
exception of Rotor 1, which employs a mid-ppan shroud. All stators are 
shrouded and have variable stagger.  A schematic of the vehicle is shown 
in Figure 404. Figure 405 and 406 show photographs of the 3-stage 
compressor. 

The measured fan performance map is shown in Figure 407. The two fan 
operating lines are indicated along with typical constant fan thrust lines. 
Figure 408 shows the IGV schedule as a function of corrected tip speed. 

4.4.1.2 Test Configurations 

Two types of inlet systems were tested with the three-stage compressor. 
A cylindrical inlet with a bellmouth forebody was used for the clean inlet 
fan aerodynamic evaluation and as the baseline configuration for the 
acoustic data.  A hybrid inlet, which was a scale model of a mixed-compres- 
sion supersonic inlet designed for cruise flight at Mach 2.5, was also 
tested. 

4.4.1.2.1 Baseline Inlet 

The baseline bellmouth cylindrical inlet is shown in Figure 409.  It 
consists of a bellmouth forebody to simulate Inflow conditions during 
flight and a long cylindrical section. The inlet-length-to-fan-dlameter 
ratio (L/D) of the inlet from the fan IGV's is 3.26 fan diameters. This 
inlet was used to evaluate the unsuppressed noise of the fan. 

4.4.1.2.2 Hybrid Inlet - Aerodynamic Design 

In the hybrid inlet suppression concept, the noise suppression from 
moderate airflow acceleration and wall acoustic treatment are combined.  In 
this way, the performance and stability concerns associated with hard-choking 
the inlet are avoided. This hybrid inlet concept is especially attractive for 
the SST because the variable geometry and airflow control required by the 
hybrid inlet concept is inherent in the supersonic inlet and, thus, not a 
penalty to the system.  The hybrid inlet was designed for a 0.75 average 
throat Mach number at both takeoff and approach. In addition, the design 
featured a blow-ln-door auxiliary inlet system to augment take-off airflow. 
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Table 16.  Low Pressure Compressor Characteristics. 

1'     Design Characteristics (100% Sea Level Static) 

Design Speed 
Tip Speed 
Total Airflow 
Pressure Ratio 
Bypass Ratio 

13,266 rpm 
1524 ft/sec 
217 lb/sec 
4.1 
0.2 

2. Compressor Rotors 

32 Stage 
42 Stage 
52 Stage 
26.3 in. 

3.  Stators 

1 Mid-span Shrouded Blades 
2 Blades 
3 Blades 
Tip Diameter 

18 Inlet Guide Vanes 
68 Stage 1 Blades 
92 Stage 2 Blades 
92 Stage 3 Blades 

4.  Other Characteristics 

Vane/Blade Ratio (Stage 1) 
IGV/Rotor 1 Spacing 
Rotor 1/Stator 1 Spacing 

2.125 
0.29 (Tip) 
0.29 (Tip) 

0.05 (Hub) 
0.09 (Hub) 
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The design of the hybrid inlet was based on the following ground rules: 

• Design for cruise Mach number of 2.50 using a mixed compression, 
translating centerbody type of inlet. 

• Incorporate auxiliary inlets featuring internal and external cowl 
doors/flaps positionable to more than one discrete setting. 

• Include six support struts in the inlet having a chord of 10-12". 

• Allow the inlet length to reflect only the foregoing requirements 
plus the desire for unseparated operation in both approach and 
take-off configurations. Provide a separate cylindrical section 
between the inlet, as such, and the LPC for additional acoustic 
treatment.  The acoustic treatment design is discussed in 
Section 4.4.1.2.3. 

While the Boeing SST N5 inlet design provided an obvious reference design, 
several factors acted to preclude directly scaling it for the present applica- 
tion, among them: 

• Difference in design cruise Mach number, 2.50 versus 2.70 

• Difference in design point specific flow and hub-to-tip ratio 
between the advanced LP compressor and the GE4 compressor 

• Decision to size the take-off inlet position at 95% corrected speed 
to provide design point margin and allow above-the-design throat Mach 
number testing. 

• Necessity to recontour the Boeing inlet to prevent observed flow 
separation that was reattached prior to reaching the compressor due 
to flow area reduction through the frame struts. This situation was 
compounded for the present design, because its required support 
struts had relatlvt'ly greater blockage than the Boeing design. 
Therefore, the struts had to be located further aft in the inlet, 
to preclude local flow choking. 

Consequently, although the Boeing N5 inlet design was a good starting point, 
several modifications were necessary to conform to the particular requirements 
of the present applicaMon. The following discussion will Illustrate the 
design approach employed. 

The inlet was sized for operation at a supersonic cruise design point 
of Mach 2.5, 60K feet of altitude, with the following assumptions (based 
mainly upon data from References 45 and 46): 

• Operation at 100% physical speed, which corresponded to 77.0% 
corrected speed and 71.4 lb/sec corrected compressor inlet flow, 
for the cruise condition; compressor map from Build No. 1; and, 
estimated operating line. 
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Shock-on-llp operation  (mass flow ratio of one) 

Boeing SST wing  flow field characteristics 

Total inlet  capture  flow equal to 112.5% of engine demand 

Subsonic diffuser boundary layer bleed equal to 3% of engine demand 

d'iffLT8811" reCOVeries of 0^ overall and 0.96 In the subsonic 

Terminal shock Mach number of 1.26 

Throat  flow coefficient of 0.978 

amount of diffusion aoDllo^lfT    L        ?' '"°del that ««""Paihrt the 
the N5 internal ^l^Lt^rL" trat: T"  ^V  ""^ MaCh Ml*«-     Th- 
saperaonlc dlffuaer le«th and the dlff '    !<:alln8 the a,tlal ««rdlnata by 
the radial incre^antt^co^l "    d"^^ J Zli^Zt ^ ""^ ^ 
equivalent,  was  found necessarv  to VLIH  . u,     . ^iS  Step'  or the 

slopes and curvatures      ^e ?iL     * I      reasonah^ Internal cowl surface 
segment  through several ^ th^!    TT" T ^^^ by passin« a ™h^ 
Plot).     This detemS the Jnternal      T    P0lnt8   (8eleCted fr0m a ^-scale 
minimum radius, which is act^a    noc^:    ^TJH f? fli.8ht 11P t0 the 

-xxy xocated att of the annular  throat station. 

scallnTon'^llplad^s^rd ^Z *" ^^^  fr0ni the N5 **** ^ 
stream^airLTto LJLve the temlnal 8 J! ab0Ve'   COncu"ently adding a'down- 
leadlng edge.    Thus  the Intern«?        ?        c^ re^ired hy ** compressor IGV 
consistent with that of  S^ SlLni T^t p088es8ed a diffusion rate 
In design freestream Sfch number Lf80' While reflectln8 **• differences 
characteristics. compressor geometric and flow 

Is  acSu^^^d'f^^^^r^roal^t^r rP.t0 maXlraUm radluS  ^ich 
considerations: thr0at 8tation).   Incorporated  the following 

'        strained ^ f"' axlal Position «latlve to cowl lip were con- strained by desired cruise shock structure. 

#        stolon1:.CrUl8e flOW area8 Were dfi8l"d at  ^ throat and cowl lip 

'        Se^ff'jnr11'011' ^ ut0 be 8Ultable for achieving  the required 
take off and approach   throat areas with reasonable'transIaJw 

510 

•»•i »»■'»•".i.m ■ 



I 

Sizing Input employed for these conditions is listed In Table 17 
together with the cruise values previously given. 

•   A smooth flowpath was desired. 

The forward centerbody portion was eventually formed, together with the aft 
contour, from a conical tip and a cubic segment. Flnallzatlon of the aft 
contour required considerable Iteration, In which the axial location of the 
six support struts was varied.  Eventually, a combination of centerbody 
contour and strut location was evolved which was acceptable in terms of 
overall inlet length and predicted flow instability, as determined by flow 
and boundary layer analysis.  The struts were NACA 6A series airfoils and 
had a 12-lnch chord with 10% maximum thickness. They were positioned with 
the trailing edge near the end of the internal cowl diffusion and the leading 
edge near the end of the (approach) centerbody diffusion. 

Final flowpath coordinates are listed in Table 18.  Axial reference was 
established as the flight cowl lip station, since the flowpath segment between 
the struts and the compressor was initially undefined.  The aeroacoustic lip 
bellmouth employed for static testing to simulate low-speed flight conditions 
is included in this tabulation. A flowpath sketch of the entire test config- 
uration is shown in Figure A10. The primary inlet length was 2.29 fan (IGV) 
diameters from the location of the flight lip leading edge to the diffuser 
exit.  Length of the entire hybrid inlet, from aeroacoustic lip leading edge 
to the IGV frame was 3.20 fan diameters. 

Evaluation of candidate design contours was accomplished by the use of 
Streamtube Curvature (STC) flow analysis (Reference A7) plus AERO (Reference A8) 
and Stratford and Beavers (SABBL) boundary layer analysis.  Iterations were 
conducted to define boundary-layer-adjusted coordinates upon which to base 
a final viscous STC analysis.  This tool also was used to "tune" the centerbody 
positions, since the actual throat for this type of design does not fjrm a 
radial plane. The analytical model also included the axial and radial area 
blockage distributions of six support struts lumped together on an equivalent 
axisymmetric basis. The study configuration was terminated approximately 
13-1/2 inches downstream of the strut trailing edge station to avoid pre- 
determining the flow characteristics In that locale. 

Analytical wall Mach number distributions for the highest throat Mach 
number studied are shown in Figures All and A12 for the approach and take-off 
configurations, respectively.  The near one-dimensionality of the flow for 
this high throat radius-ratio, annular inlet is evident, even for these near- 
choking conditions. Also indicated on Figures All and A12 are the locations 
of the acoustic treatment.  Note that the wall Mach numbers on the treatment 
are <0.7, which was the design intent. 

SABBL boundary layer stability assessment corresponding to the conditions 
of Figures All and A12 is presented in Figures 413 and A1A, respectively. 
Stable operation is predicted in both cases, except in the deceleration zone 
near the strut trailing edge which is moderately steep and occurs where the 
boundary layer is relatively thick due to prior diffusion.  Little signifi- 
cance was assigned tn this predicted separation because: 
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Table 18.  Primary Inlet Flowpath Definition. 

Cente ■bodyt Internal  Cowl 

Z* R Z* 

-29.497 
-19.788* 1,915294       Con - :l'Z 18.639 

18.069 
-17.288 2.449 -   7,111 17.507 
-11.288* 3.950 -   6,90 16.957 
-  7.288 4.997 -   6,608 16.427 
-  3.288* 5.950 -   6,026 15.683 
- 0.288 6,543 -  5,186 15.016 

2.300* 6.976 -  4,406 14,445 
4,712 7,317 -  3,411 13,985 
7.040* 7,543 -  2,325 13.647 
8.712 7,623 -   1,565 13.494 

10.594* 7.669 -  0,787 13.402 
12.712 7.709 0,000 13.371 
14.150* 7.714 3,247* 13.371 
15.000 7,700 4,000 13,369 
16.00 7,666 5,000 13.356 
17.000 7,612 6.000 13.328 
18.000 7,538 6,772* 13,292 
19.000 7,442 7,000 13.279 
20.000 7,324 8,000 13,207 
21.000 7,183 9,000 13.111 
22.142* 6.994 9,142* 13.095 
23.000 6,832 10,000 12,991 
24,000 6,624 11,512* 12,768 
25.000 6,402 13,000 12,505 
26.000 5,170 15,000 12,119 
27.000 5,9J2 17,438* 11,679 
28.000 5,695 19.000 11,454 
29.000 5.463 20,992* 11.232 
30.000 5.241 21,992 11.145 
31.000 5.034 22,992 11.076 
31,650* 4.910 23.992 11.020 
32,000 4.847 24,992 10,977 
33.000 4.683 25.992 10,947 
34.000 4.539 2i.992 10,928 
35.000 4.414 27.992 10,919 
36.000 4.3f 7 28.318* 10,918 
37,000 4.216 28.992 10.919 
38,000 4.138 29.992 10.928 
39,000 4.072 30.792* 10.942 
40,000 4.016 30.992 10.946 
41,000 3.969 32.992 11.009 
41,450* 3.950 34.890* 11.101 
42.000 3.928 36.992 11.235 
43.000 3.894 38.988* 11.383 
44,000 3.865 40,992 11.544 
45,000 3,841 42.992 11.721 
16,000 3,823 44,453* 11.866 
47.000 3,810 46.992 12,152 
48,000 3,803 48.992 12.394 
49,000 3,800 50.992 12.636 

Cylinder 52,623* 12.823 
+ 55.992 13.148 

Hub Fir Ing 60.992 13.381 
61.400* 13.383 

Cylinder to 
ICV L E. 

Aeroacoustic  lip; 
selected points  for 
J  ellipse with 
a/b -  1.382.     Closed 
out with 90°   of 3.812' 
R + 2" diameter 
tangent  cylinder. 

| Cyl inder 

t  Centerbody approach position   Is 
takeoff. 

tabulated.     Translate 6,5"  forward  for 

* Control points for spllned curve  fit.    All  other radU  rounded to nearest 
0,001". 

IS* 0.0 corresponds to flight  cowl   leading edge and vehicle  station -85.54, 
Vehicle station 0.0 represents  rotor  1   leading edge. 

- - - -All dimensions   in  inches- - -  - 
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1.2 

l.Q 

0.8 

M    0.6 

I 

0.4 

0.2 

n 1 r- 
Take-off Centeroby Position 
(Auxiliary Inlet Closed) 

"L,. =  0.943 
th 

M    = 0 with Static Test Lip 
o 

  Centerbody 

Internal Cowl 

•20 0 20 40 

Aero Axial Station ~ Z ~ inches 

Figure  412.     Viscous STC  Inlet Wall Mach Number Distributions for the 
Take-off Mode. 
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• The exact, three-dimensional flow pattern due to the annular Inlet 
and contoured struts plus viscous effects cannot be simulated by 
STC; consequently, the predicted separation may either not occur 
at all or, alternatively, it may be confined to the immediate 
vicinity of the struts. 

• Flow separation in the relatively low Mach number region of the 
strut trailing edge would not adversely affect the bulk of the 
primary inlet upstream of the struts, would likely be reattached 
prior to entering the compressor by the hub flowpath convergence, 
and would be a relatively low-loss producer. 

The main objective of the blow-in-door auxiliary inlet design was to 
provide a controlled diffusion process that allowed discretely variable flow 
rates and BID throat Mach numbers, in order to facilitate investigation of the 
acoustic effect of auxiliary inlet design independently of primary inlet opera- 
tional characteristics.  The desire was for three internal door settings that 
would approximate the flow splits indicated below: 

BID 
Area thpri MthBiD "BID^TOTAL 

Small 1.0 0.6 * 

Nominal 0.75 0.75 0.15 

Large 0.6 1.0 * 

The quantity (WBID/WTOTAL) had to be determined for the small and 
BID setting to obtain the required flow splits. 

large 

Preliminary sizing calculations were made, with these objectives in mind. 
The results of these sizing calculations indicated that this concept was 
feasible from a combined aeromechanical standpoint.  This investigation 
presupposed the BID system to be placed in its "natural" location between 
the six support struts.  Such a design was desirable since it facilitated a 
minimum length inlet, for the constraints already cited, as it did not 
intrude on either the forward or aft acoustic treatment zones. 

Pertinent features of the BID system that evolved include: 

• Six Identical discrete modular passages, one between each pair of 
support struts, were each exposed by rotation of a pair of doors/ 
panels situated on the internal (inward rotation) and external 
(outward rotation) cowl surfaces. The actual test configuration 
had a fixed outer door and a manually positionable inner door. 

• The passages were essentially two-dimensional, with side-plates to 
preclude lateral flow spillage. Only the fixed outer flowpath 
of the BID passage was axisymmetric, since it led directly to 
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the internal cowl flowpath. Each passage was roughly 20° in 
circumferential extent, allowing sufficient strut clearance for 
the primary tip flow. 

• The external surface of the inner door was made conical, after 
initial evaluation of a contoured design exhibited too peaky a 
wall Mach number distribution that required excessive diffusion. 

STC/SABBL analysis was again used to guide the detail design.  In this 
case, however, the procedure was not straightforward, for two reasons: 

• The primary inlet passage was axisymmetric, except for the support 
struts, while the BID inlet system was asymmetric, being composed of 
clrcumferentially discrete, two-dimensional openings. While the 
STC program could solve either axisymmetric or planar flow problems. 
It was not designed for a mixed geometry like the coaplete super- 
sonic inlet. 

• Both passage flow rates could not be specified independently, since 
only unique pairs of primary and BID flow rates would satisfy the 
Kutta condition, i.e., matched static pressures at the inner door 
trailing edge. 

To circumvent the above, a scheme was devised whereby the BID passaee w^ 
modeled as a continuous 360» slot, coannular with the primary inlet  Election 
of the inlet extending axially from upstream of the struts and BID Entrance to 
beyond the strut trailing edge was included, with the primary duct wall 

IZitT"3  adJredA0r e8timated b0Undary la^ growth. TL door trailing 
Itllta 2llY20'X^A:L/  a I"'1011 8radUally taperin8 t0 Zero thicknes^ Sh 
rlTL:  to facilitatelhe^lic'an^C!^ " ^ ^ 0-08 ^ ^^ *** 

An existing STC feature was then utilized whereby the BID passage flow 
rate was input and fixed at the desired value while the primary passage flow 

waa %:"«i^i: thfrrthe Jnriai input vaiue unti1 th" ^ ~oflow 
was satisfied at the internal door trailing edge. The resulting primarv 
and predetermined BID flow rates were then adjusted to estimated actualtest 
configuration values by the ratio of actual-to-STC (axisymmetric) passagl 
discharge area, with the actual discharge area calculateHo reflect the 
effects of local strut blockage, boundary layer, and BID blockage as applicable. 

f^ ^^"^ du0r settln«s were ^ied until three positions were identified 
MD s^inrVS6 r^^'6 Prlmary/BID ^o" relationship desired  P^rxnent 

Sblf 19 8 So e tharthr
3"16?"8 r^1"8 fr0m the analyS'8 are summarized in iable 19.  Note that the various door settings possess different diffuser are* 

ratios as well as different absolute flow areas. The BID system flowpath is 
shown in Isolation in Figure 413 and in relation to the overall iÄa P^ 
410. Figure 416 shows some approximate dimensions of the internal door in its 
three open settings. The flowpath coordinates for the remaining (fixed) por- 
tions of the BID system are listed in Table 20.  Figure 417 is a trlmetric re 
presentation of the BID module. A sufficient amount of the inlet exteS 
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Table 19.     Summary of Blow-In Door Design Characteristics. 

Configuration - Relative 
Throat Area Setting 

♦ Primary Flow Rate,  WS/t)     . ~ lb/sec 
pri 

♦ Total BID Flow Rate, m/9/6).™ ~ lb/sec 
BID 

♦ Total Inlet Flow Rate, «1^9/6)     ~ lb/sec 
total 

BID-to-Total Flow Ratio,  W„,   /W 
'  BID total 

Total BID Throat Area, Ath   ~ in.2 

Primary Total-Pressure Recovery, fto 
pri 

BID Total-Pressure Recovery, Ti« 
BID 

Primary Throat Discharge Coefficient, Cd pri  th 

BID Throat Discharge Coefficient,  Cd 
BID th 

* Primary Throat Mach Number, Mth 
pri 

♦ BID Throat Mach Number, M^.,, 
TnBID 

BID Diffuser Area Ratio, (A /A  ) 
eX th BID 

BID Equivalent Diffusion Angle, 6  ~ deg. 
eq 

BID Trailing Edge Location: 

(Radial Distance from w, R. ~ in. 

(Axial Station), Z^ ~ In. 
te 

BID Entrance Area Ratio (Entrance Area 
on First Orthogonal Entirely Within BID 
Duct),  A    M u '    en    th 

Door Angle (Outer Surface) , 9„Tr. — deg. 

BID Passage Width (Constant), W_T_ ~ in. 

81% 
100% 

(Nominal) 114% 

101.12 92.78 83.62 

10,65 14.82 17.79 

111.77 107.60 101.41 

0.0953 0.1377 0.1754 

37.59 46.22 52.63 

0.973 0.973 0.973 

0.980 0.980 0.980 

0,987 0.987 0.087 

0.965 0.965 0,965 

> 1 
(Super- 
critical) 

0.728 0.596 

0.597 

1.015 

2.23 

12.05 

57.25 

0.766 

1.099 

2.95 

11,62 

25.125 

~ 1.0 

1.180 

4.12 

11,25 

56.97 

Number of BID Passages, r|, 
BID 

2.022 1.645 1.444 

15.14 -21.18 -26.14 

4.461 4.461 4.461 

6 6 6 

♦ Actual configuration values estimated from STC analysis of 
continuous BID slot. 

t Relative to inlet centerllne. 
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Table   20.     Blow-In-Door Passage Fixed Flowpath Definition. 

Inner Si arface Outer Surface 
of BID Passage of BID Passage 

Z 
llU'MTiniL 

\ 
Z fg 

Cylindrical 
I 40.000 

/ 44.159 

16.210 

16.210 

51.270 

51.332 

20.440 

19,572 

' 44.555 16.201 51.517 18,717 

44.951 16.173 51.887 17.757 

45.348 16.127 52.380 16.917 

Circular          I 
Arc 

45.744 16.062 52.750 16,440 

46.140 15.977 54.000 15,188 

46.536 15.873 55.150 14.370 

46.933 15.747 56.500 13,755 

< 47.329 15.600 57.960 13.410 

Conical 
i  47.725 

52.970 

15.430 

13  320 

59.000 13.312 

Refer tc » Figure Interfac es with 
416 for door  sur- internal cowl 
face det ail, surface of  pri- 
which fc »rms the mary inlet here. 
remainder of this 
surface. 

W, BID 

Circular Arc Aero- 
Acoustic Lip 
Extension Plus 
External Door 

Fixed Surface of 
BID Passage 

TPri 
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cowl surface was simulated to reduce the local wall velocity to relatively 
low levels - less than 25 ft/sec.  The simulated external door had a wlu- 
rounded lip extension to be more representative of flight speed operatioi 
However, a structural design of the BID entrance side edges precluded a 

Sness  "^ ^ rOUndln8 ^ llraited ^ t0 radlusi"* t e to ^ 

described dlff^'   ul      ^  u
reference' notwithstanding the previously 

described difference between the STC model and the actual test confduration 
Downs ream of the entrance section, the flow is seen to be nearly 
one-dimensional.  The primary side surface of the internal door is also shown 

e^l ^ t rrs^tf ^ flOW al0n8 " —le-tes. whiL'th^BlD8^ 
edge  SIBBL iLTrlli PreSSUre at the Juncture of  the door trailing eage.  bABBL separation parameters calculated for these predicted BID 
Passage flow characteristics are included in Figures 421^2  and A23  The 

SoVÄ ol oTAT^r flOW *^™.  except  f^rfsm ll       ^ 
aL8 iLge (lUn MD ^M  ^ ^ ^  trallin" ed8e for the ™****1   V™*) loral Jfff \       settings.  This is a consequence of the relatively high 
local diffusion rate imposed on the door surface by the Kutta condition  T^ 
resolution is not directly amendable to simple flo^path mod ficatloL of til 

.Tir    i?i£ ^T^-     ^ deSi8n (as shown) was s^cted for fabrication Jn 
aui e iLu       rde8irable featUre beCaUSe the Predicted separa ion zone'as 
a^ a r"lo     ^ *** ^^  t0 ^^^y  affect the design differ 

4.4.1.2.3 Hybrid Inlet - Acoustic Design 

SunnrI
he/COUStlC treatment for the hybrid inlet was designed for noise 

respective t!nW ItT* "T^'    ^ ""^ reSOrat0r P-ameters'and the 
^n^K  V , ? frequencies are given in Table 21.  The liner seement 
lengths and axial location are shown in Figure 425 Th^ .«•*<** faegme"t 
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Figure 424. Treatment Tuning Frequenci 
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Table 21. Resonator Parameters, Hybrid Inlet 
Acoustic Treatment. 

Faceplate 
Liner 

M^ 
Thickness, inch 

Hole Diameter, inch 

Open Area Ratio, % 
(After Bonding) 

0.012 ± 0.002  0.012 ± 0,002 

0.040 ± 0.002   0.045 ± 0.002 

Liner 

A 

B 

14.0 ± 0.4 

Core 

Cavity Depth, inch 

1.000 ± 0.020 

0.170 + 0.005 

0.120 ± 0.005 

0.085 ± 0.002 

9.2 ± 0.3 

Tuning f, Hz 

1600 

5600 

8000 

10000 
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A.4.1.3 Test Program 

Testing of the scale model fan vehicle was performed at the Peebles Test 
Operation General Electrlc's outdoor test site.  The facility is described 
in Appendix A along with a description of the acoustic and aerodynamic 
instrumentation. 

Far-field acoustic measurements for the hybrid and accelerating (no 
acoustic treatment) inlets were performed for the approach and take-off modes 

%lu\l    S  of/nlet throat Mach numbers up to the fully choked condition 
with the blow-in doors closed.  Also, for the hybrid inlet in the take-off 
mode, the noise was measured at each of three blow-in-door positions at a 
range of primary inlet throat Mach numbers to evaluate the effect of the 
blow-in doors,. 

The baseline cylindrical bellmouth inlet was operated over a wide speed 
range to provide unsuppressed far-field noise levels for comparison with the 
above hybrid inlet results.  Also, for this inlet, an additional test was 
performed to evaluate the effect of increasing the angle of the IGV's to 
produce noise acceleration suppression in the IGV passages.  The far-field 
noise was measured as a function of IGV flap angle for tvo top speeds 

^lo/01^30!1 a"ustlc measurement point, digital performance data (including 
inlet wall static pressures) were obtained.  For the hybrid and acceleratina 
inlet configurations, aerodynamic traverse data were acquired at six selected 
speed points corresponding to desired inlet throat Mach numbers. Also, for 
selected points, near-field acoustic measurements were made with a traversing 
acoustic probe mounted near the fan IGV face. traversing 

4.4.1.4 Data Analysis 

In Appendix B, the acoustic data reduction system is described.  The 
scale model one-third  octave band data were scaled to the full size SST Pno-f™ 
diameter of 75.44 inches and extrapolated to the 200-foot sideline   Jhis 
engine was designed under Contract NAS3-16950).  The engine has a design 
airflow of 1045 Ibm/sec versus 127 Ibm/sec for the scale model vehicle! 
All data presented in this report are for the SST size unless otherwise 
noted. 

was shifterinto Ü'üiJÜf ^ t*** ^^  aCOUStlC data' hl8h ^equency noise was shifted into the audible region.  The scaling process involved shifting 

J SOO^ i H00'3"6 IT/ ^  flVe bands- F0r examPle» «•"^•5 data in the 
31.500 Hz band were shifted to the 10,000 Hz band in the scaling process  TL 

scaling process was employed to provide more realistic absolute noise Wlf 
and to improve the effect of extrapolating the noise data to far distances 
The improved extrapolation accuracy results because of the difference in attenu- 
ation of various frequency noises in air.  That is, with the spectra! components 
of noise in their proper full-size one-third octave bands, the air attenuation 
is applied in a more realistic manner. accenuatlon 
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Aerodynamic Information consisted of a radial i-nf-ai 
(which was evaluated in t^r-™ J ^ ?     radial total-pressure survey 
coefficient) and wall «r^r     ' in^e8rated ^"8* recovery and loss 

number character^ cs   In UTilT** i^ **" USed t0 infer wal1 ^^h 
ments were s^ed o ^vlde totalInl* IT ^^ ^  ComPonent **•**- 
throat Mach number (Senpp:ndlx1)/COmPre8SOr flOW and henCe' lnlet 

^•^•2 Unsuppressed Compressor Noise 

*»4.2.1 Introduction 

(LP) Xur:L^:efut:der:i?hrrc™undorica:iaHdvnced ^ir-^ ^ P-.^ 
^suppressed fan noise      Bv deHMnf ^      bellraouth inlet  ^ evaluate the 
benefit of a hybrid InietLdM^S    J* unauPPres8ed  *•* "oise.   the acoustic 

suppressing  the' co^re    or^iLl^te^ ^d1"'?1 f^ ^   ^^  in 

two  fan operating lines and *loL !    Ü!^ ! '    Testln8 was performed on 
the effect of chLginRalrf lo^ «nH     COnStant  ^ thrUSt  llne to determine cnanging airflow and pressure ratio on compressor source noise. 

4'4'2-2    Nominal Operating Line U^a„M-a 

In Figure A29,  the maximum perceived nolso Imroi   foxuus 
tip  speed is plotted at  the  200-Lot sideline      From th^ ^   S  \function of 

perceived noise level  fPNL)   for rhl\ ?        f hi8  curve  the »aximum 
conditions can be leteSed      I^e  tlT«    '^  take"0ff'  and  CUthack fll8ht 

conditions  for a 1045 ™/sec'ss^en^Lr1 "pre8!ntln8 e"h of  these 
maximum PNL's measured for the bJofJ06 J8,1^16^^  ^ ^gure 429.    The 
sideline): the ba8ellne ^let are as follows  (at  the 200-foot 

Approach 
Takeoff 
Cutback 

120.0 PNdB 
116.5    PNdB 
120.5    PNdB 

the noise suppreeslon achieved?        techn°lo8y "« "e compared to determine 

Flr8t!rrrSer:f^p-pr:ed
C
9

1Ohetee„th^0 III uZll^T^ "^ perceived noise level  (PNL)   iB AonrZ    T t 50 ft/sec.   the maximum 
trend is attributeTto^^a ge^r^^ne^ated6 b"P

t^
ef, in"-ses.    This 

at  the  low tip speeds.    The variUnn J ^    .  ?    y the lnlet  8ulde vanes 
function of  tip Ud is^ ^gurf SlTlTlt* ™**** a8 a 

interest,   the angle generally is dec^elsinf' It l«rJ P T** I™** 0f 

generated off the trailin« edee of th! ?rS ; u    8    an8les the wake 

strated  in Figure 431      ?Sl! i!ra!      t    ?      8 m6h morL   tensive as illu- 
blade ^i^^    'iJ^L^Änl^^V U\^^y " the 
tone at  the low tip speed   (1600 Hz)   L ^.Jh8? f*"  the blade Pas8ln8 
tip speed  (2000 H2). ^  ±8 ""^ lar8er than that at the higher 
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Figure 431.    Wake Generated Off the IGV Trailing Edge. 
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Figure 432.     1/3-Octave Band Comparison of V    = 915 
and  1220 ft/sec Corrected Tip Speeds. 
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This explanation Is further verified by the presence of the tone at 
630 Hz In the 1/3-octave band spectra for the 915 ft/sec tip speed (Figure 432) . 
This tone corresponds to the vortex-shedding frequency of the Inlet guide 
vanes. The tone is not present at the 1220 ft/sec tip speed. Calculation of 
the vortex-shedding frequency (VSF) is shown below: 

211 
VSF = -£  (See Reference 50) 

max. 

where U = flow velocity at the obstruction 
t    = maximum obstruction thickness 
max. 

For the tip speed of Interest, U ■ 275 ft/sec and the maximum thickness 
of the IGV (t^x) Is 0.38 inch. Therefore, the VSF equals 1740 Hz, which 
places it in the'l600-Hz, 1/3-octave band.  Shifting this five bands in scaling 
to full size, it corresponds to the 630 Hz tone in the spectra. The vortices, 
shed off each of the 18 IGV's, Increase the strength of the wakes and, there- 
fore, will also increase the tone generated at the blade passing frequency. 
Because the PNL is dominated by the blade passing tone, the decrease in PNL 
with increasing tip speed Is expected in the above range of tip speeds. 

At a tip speed of 1250 ft/sec, there is a sharp discontinuity in the 
PNLniaX( trend of Figure 429. This also corresponds to a large increase in the 
blade passing tone at this tip speed. In Figure 433, the 1/3-octave band 
spectra are compared at the 1250 and 1295 ft/sec corrected tip speeds. The 
large increase in both the rotor 1 blade passing tone and its harmonic is 
noted along with the increase in the SPL in the 630 Hz and 800 Hz bands. 
This corresponds to the band where the vortex-shedding frequency off the 
IGV's would be expected.  It, therefore, is speculated that the large increase 
in the rotor 1 blade passing tone and its harmonic may be caused by large 
vortices shed off the IGV's at the higher tip speed. This indicates a 
particular sensitivity at this higher speed to the IGV wake which is not 
understood. The increase in PNL at a corrected tip speed of 1400 ft/sec 
is caused by a shift in the location of the blade passing to a higher noy- 
welghted 1/3-octave band (2000 to 2500 Hz). 

At tip speeds above 1450 ft/sec, the maximum PNL in Figure 429 begins 
to decrease with increasing tip speed. This is attributed to stronger and 
more extensive detached shocks which limit the propagation of noise forward. 
Comparison of the 1/3-octave band spectra at tip speeds of 1450 and 1524 ft/sec 
(Figure 434) shows that, under this condition, both the rotor 1 blade passing 
tone and its harmonic are attenuated along with the noise above 4000 Hz. 

From Figure 434 It also is noted that a large tone is present in the 
800 Hz band. On a scale model basis, this corresponds to the 2000 Hz band. 
From the narrowband at the 40° angle shown in Figure 435, this corresponds to 
a peak in the multiple pure tone (MPT) structure. This peak is attributed to 
a ground reflection reinforcement which occurs at 2170 Hz. 

In the range of tip speeds between 1524 and 1570 ft/sec, the shock is 
swallowed In the rotor/blade passage. This causes a reduction In the MPT's 
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Figure  433.     1/3-Octave Band Comparison at   1250 and 
1295  ft/sec Corrected Tip Speeds. 
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Figure 435.  Narrowband of V = 1524 ft/sec, 
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and the rotor 1 BPF (2500 Hz) which can be seen in the 1/3-octave band com- 
parison in Figure 436 and the narrowband comparison in Figure A37. 

In Figure 438 the 1/3-octave band spectra for three supersonic tip speeds 
ranging from 1295 to 1448 ft/sec are compared. It is interesting to note that 
for all tip speeds the rotor 1 blade passing tone dominates the spectra. This 
is unusual since, at high supersonic tip speeds, the MPT's generally dominate 
the spectra. The dominance of the blade passing tone over the MPT's is shown 
clearly in the Figure 439 narrowband. The explanation for this phenomenon lies 
in the presence of the IGV's.  The variation of the IGV angle as a function 
of tip speed is shown in Figure 430. For an inlet without IGV's, MPT genera- 
tion is initiated at a tip speed of approximately 1080 ft/sec as seen in 
Figure 440. Figure 440 shows the fan relative tip Mach number as a function 
of fan speed for a configuration with no IGV's and with the test vehicle IGV 
schedule along with a sketch illustrating the effect.  It can be seen that by 
turning the flow using IGV's, the initiation of MPT's is delayed until 
approximately 1280 ft/sec. 

From the sketch in Figure 440 this is due to the velocity component 
(Mi sin 0) generated by turning the flow. This velocity component is in 
a direction counter to that for the fan. The fan relative tip speed is 
(MTipRei " MTip " Mi sln 6).  Therefore, increasing the IGV flap angle 
(6) reduces the fan relative tip Mach number. In conclusion, the blade passing 
tone dominates the one-third-octave spectra for two reasons.  The MPT's are 
delayed and weakened by the reduced relative tip Mach number of the fan 
at speed due to the presence of the IGV's. Secondly, the IGV's, which shed 
a strong wake and are closely spaced to the first rotor (which, in turn, has 
relatively close spacing to the first stator), generate a strong blade pass- 
ing tone. 

In Figure 441 the 1/3-octave band rotor 1 blade passing tone is plotted 
as a function of corrected tip speed. Comparing this to Figure 429, it is 
noted that the blade passing tone variation closely follows the variation in 
PNL with tip speed. This is expected, since (as shown previously) the rotor 1 
blade passing tone dominates the spectra even at high tip speeds. 

4.4.2.3 Directivity 

In Figure 442, the directivity of the rotor 1 blade passing tone as a 
function of angle from the inlet is compared for four tip speeds - 1000 ft/sec 
and 1230 ft/sec corresponding to tip speeds below that where the fan relative 
fan tip Mach number is unity, 1300 ft/sec where the tip Mach number is 
supersonic, and 1524 ft/sec where the detached shocks limit the propagation 
of noise forward. Obviously, the directivity varies markedly with tip 
speed. Also, the blade passing SPL's vary considerably.  The reason for 
these changes in the blade passing SPL's were discussed previously. 

Comparing the two lowest tip speeds, it is seen that, at 1230 ft/sec, 
the directivity is much less "peaky" and the maximum angle moves from 40° 
to 50°.  At the 1300 ft/sec tip speed, the directivity of the blade passing 
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tone again has a sharp peak and the maximum angle movei. to 40°. At the 
152A ft/sec tip speed, the directivity is very similar to that at 1300 ft/sec 
The blade passing SPL's are reduced, however, due to the strong detached shock 
at this tip speed. 

4.4.2,4 Effect of Operating Line 

As noted previously, acoustic measurements were made on two operating 
lines.  A comparison of the PNL as a function of tip speed for the two 
operating lines is shown in Figure A43. As expected, the PNL's are somewhat 
lower (1-2 PNdB) for the lower operating line due to the reduction in loading 
on the fan blades. A one-third-octave band comparison (Figure 444) at the 
1372 ft/sec corrected tip speed for the two operating lines shows that, for 
this reduced loading, the fan noise is somewhat lower in nearly all 1/3-octave 
bands.  However, because the fan thrust is less on the low operating line 
for an equivalent tip speed on the nominal operating line, this comparison 
does not answer the question as to whether an operating line selection can be 
made to get equivalent thrust with less noise. 

The maximum PNL on the 200' sideline for three operating points on a 
constant thrust line are shown below: 

Discharge Valve Setting     Tip Speed PNL 

DV =26 VT = 1402 ft/sec 121.9 PNdB 
DV =32 VT = 1448 ft/sec 120.9 PNdB 
DV = 40      VT =1463 ft/sec     121.3 PNdB 

From the above results, it is seen that there are only small differences in the 
maximum PNL along the constant/thrust operating line. Comparison of the 1/3- 
octave band spectra for these three tip speeds, each having the same fan thrust, 
is shown in Figure 445. The spectra for the two high tip speeds are nearly the 
same, while at  the lower tip speed, the rotor 1 blade passing tone and its 
harmonic are higher and the low frequency MPT noise is less. Comparing the 
Figure 445 spectra with that in Figure 434, which defines the effect on the 
1/3-octave band spectra caused by a strong shock, it can be seen that, at the 
high tip speeds, a strong and extensive shock is causing the chance in spectral 
characteristics. 

4.4.2.5 Summary of Baseline Results 

1.  The maximum perceived noise levels at the 200' sideline for a 1045 
lb/sec flow, three-stage LP compressor are: 

Approach 120.0 PNdB 
Takeoff 116.5 PNdB 
Cutback      120.5 PNdB 
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A. 

The Inlet guide vanes delayed the initi^.nn e    u 
«Peed of 1280 ft/sec and reduced thefrJ   ^ the HPT,S to a tip 
This was due to the IGV's effect on theT"^ ^ hi8her S^ds' number. «"«cc on the fan relative tip Mach 

The perceived noise levels din r,«^ u 
constant fan thrust line! ^ sl8nificantly along a 

range.    '     1 blade P*M^8 tones throughout the entire speed 

4-4-3 ^^^i^HielJesults,^^^ 

^•^•3*1 Introduction 

Acoustic tests were nprfr.*™^ 
compressor fitted with" hybrid iniet TseflT^ S™"*'** ^  pressure 
suppression relative to a cyUndrlr.l h ! . ?T 425) to d^ermine the noise 
condition. Acoustic testing vL^rf^ff   baSellne at ^  -PProach 
numbers up to the fully (*SaJ c^U^tTLJ IT  ^ lnlet thr0at ^^h 
The aerodyne performance of the AtLfL^r^^ —^ 

4.4.3.2 Hybrid and Accelerafino Inlel. pvn - 
—  "K ^nxet PNL Suppression 

In Figure 446, the PNL at rh0  An» 
compared for the baseline cylindrical bÜn  tu  f f"nction **  tip speed is 
inlet, and the hybrid inlet  At thp4noTh lnlet« the accelerating 
the 200' sideline for all t p 8Lld8 of  r^'   ^  PNL ls a ^^»um on 
Inlet throat Mach number of the'hvbrid Jd  "^^  confl8-ation.  TL 
Indicated on Figure 446  A* r! L     d accelerating inlet is also 
I  PNdB Bieter Ln thf'bas' li^ i^Lt^tl ^ ™*1**"**  *Ä 3 to 
erences in inlet configuration if^H   ^ S attrlbuted to the diff- 
centerbody. (thls ls discussed*fu^thlr in £lt<   'T^l***  and U^ 
noise suppression due to airfl™^ ,   Section 4.4.3.5). Significant 
numbers (Mth) of O.7J. TS8 JT,^

1
^

10
? 

results ^e throat Sch 
efines the PNL ««PPf.aS; ^.^^^1^ ^ FlgUre "7 ^ 
throat Mach number for the acceLrltW  ! lafeli™  as a function of inlet 
At Mth - 0.78. which was selected as ^    hybrld lnlet at the 40° angle 

=ic performance (see Sec ion A? ll^T'l^  ^ baSed 0n the a-°- 
APNdB noise suppression relative to th^ h^ ^ * ^ inlet Prides 11.5 
approach mode. * t0 the baseline configuration for the 

suppression at and near choked  T! t-! th /?
,78) t0 Termine the noise 

561 

ISfM 



> 

/ 

1 
  
  

  
 1
 

O
 
Ba
se
li
ne
 

Q
 
A
c
c
e
l
e
r
a
t
i
n
g
 
In
le
t 

A
 
Hy
br
id
 
In

le
t 

( 

•p 
S 

•> 
N 
4) 1 

X5   00 1 * 
iz; d 

u 
IS 
+J d 

_ 
b 

9 i-r 
.XI 

0 j 

m 
a f I     : •H 
Q 1 
a 
o I 1, 

cd 
3 

co 
I 
5 

de
il
ne
 

= 
40

° 

• 
o 

/ 

20
0-
Fo
ot
 
Si
 

In
le
t 
A
n
g
l
e
 

A
p
p
r
o
a
c
h
 

1 • •    •    • 

o 
o 

o 
o 
m 

■a 
•H 
h 
>, 
X 
■a 

I 
•H 
+J 
cd 
U 
a> 

§ 0) * u 
rH u 

<: 

8 
•H 
rH 
0) 

o o CO 
o 0) cd 
CO M 03 
iH s 

■p 1 
<H 

•p 
•k 

l s i (H a 
o «9 o 
N a i H ■H 5. 

H 
CO 

| a 
■p •H 

I H 
fa •o 

o E B 
o 0 +J 

c-1 
u 

j 
o 
u 
■H 
0 

o » 
o 0 
o •H 
rH p 1 

£ 
cd 

m   in o 
o 14 'S 
o> il 

• 

5 
o § 

flPNd   'l8A9q OS|ON paATaojaj 

M  o •*  o 
O    X I 

u. 

562 

■V. ::   ..... ,    ,.     ,. mmmtm^^gam^ 

 '       '   '"Vl.        ^BW,   ".i. 



rH 

9 

+-• £ 
1) ■P 

'    O 

s 
M  ■H 

M      ■(-> 
0 

c     o s 
■H        rH o 
■M         P •H 

<k 
C«        H 

^Nv IU      "O 1 ^s. rH       -H 

-       \ 
a»     ^ 

X 

d 
u< 

>X sS <   m M     • 
9 

91    rH 

V\ □ 0 cd   he 
A         c 

a    a» 
ß o 

•          -H   O 

T N 
01         IU 
.a      wiu 1 

i o 3       03   -P i K 
i H)   4J 

JB       ort 

b6 
1 
1 O 

o      c 
cd       0)   to 
3       w ♦' 

(U   (V 
V          «H   rH 
cs      0)   c 
0         Cö   M 
&     ^ 1 d £              bC 

<J g H        C   C 
0    -H 

i o i aj     'HP 
i O • tc      in   cd 

■H 'J' i cd      «it, 
rH U         0)    0) 
0) | i 0)            "    rH 

■a >      a o) 
■H 

—   8     W 
<0 i LO 3    Ü 

rH b£ ■ en < 
Oj        >J S Ä i d 
a    o < u (Ü   13 
w    o 

1    t^ M § i (0   c 
■H   S 

S  6 0) c 
a Ar1! 

0 
M   13 

p   o c a SJ u •rl 
IM       M M < r r £% 

    •         • • •   —  
d 

IS 
t^ 

n 
i 

•H 

o 
n c 

c o o 
rH 

o 
tu 

uoTssajdti "R Ti idV ' 

i 
■^fW "■"TT'; '"^^"^'iHjHIiyS 

563 

'     . Mg«ff 



110 

100 

m 
« 90 

S 

• Full-Scale 
• 200-Foot Sideline 
• Inlet Angle = 40° 
• Hybrid Inlet - Approach 

O Mth = 0.78 

G Mth . 0.84 i 

A «  m  0.88 (Fully Choked) 

  Adjusted Spectra (M 0.84) 

100  200 5000   10000 500    1000    2000 

Frequency, Hz 
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expected.    Referring  to Figure 44fi    M,<1 AIA    \ 1 fret!uencies is 
From this result it  is concluded L^^ "^ °CCUr  ln the 8ubJect  test. 
was fully choked)     s  the  facnity no SefimeaSUr.ed n0lSe leVel  (when the lnlet 

For a large portion of the 1/W^J    .        and n0t  the nolse froni the t™- 
at a throat Lh number of 0 84 also ^        SPeCtra'   ^ meaSUred nolse leve^ 
noise" floor.     ThiTZl = 0 gfpm T^ ^ at  the estlmated "facility 
shown in Figure 44I      Jhesellc^ "^^•d  ^om the approximate spectra 
between the measured d^a and the LM".'!^

111
^

641
 

baSed 0n the di«erence 
noy weighted frequencies       ^  th.      ^  faCllity n0lse leVel at a11 ^gh 
6300 nAand ITT^ä ^ t^Ä^Llna^d th\dat.a in the 

mated facility noise      Th*. In« f«/ g held UP hy the esti- 
calculation significant^      A^ Sr^fr^*"1?*'1^ d0eS n0t affect the P^ 
to eliminate the effect of  the faciHtv nol^6"    ^  ^ ^^ Were adJUSted 

on the PNL of adjusting VlUllTil^Z^T^ ^^ ^    ^ ^ 

Mt;h 

0.78 
0.84 
Choked 

PNL 

98.1 
95.3 
92.8 

Adjusted PNL 

97.7 
94.3 

tion of S^ncTls'shU^r^ ^TT^ ^  ^ ^  ^le aS a f-C- 

s^ctra^"^ O^r^ ^re^oM ^r^^- ^ ""oc^S 
with that at the selected operating point 'A^H' ar?eleration suppression, 
accelerating inlet supprLslon r^r !' u v ShOWn in Fi8ure 449 is the 
includes the' SfmTJSfi^L. ^laSt^^^ ^    **'  oppression 
suppression. It is seen that the inLt..^"'

10" pluS the acceleration 
"accelerating inlet" suppression!     confi«uration has a marked effect on the 

at m ^.T^h^^^rt "TfJ 3 "tH4 "^ 8UPPreSSi0n the suppression falls to 2 PNdB  S l .w* \t/OWer throat Ma^ numbers. 
for other hybrid inlets  treatment^ff J? "'^ t0 n0te that (in general) 
throat Mach number?   ' treatment effectlveness has decreased with increasing 

operating'^i^t'fo0; ^heTbrJd^nd0' ^^"f ^^«V-^ spectra at the 
angle. Two to four HR       f accelerating inlets is shown at the 40° 

of'tr^it up to the Tu"™ S^S^I i8 reallZed thrOU^ the ^Itl«, 
is realized above this band nor wL ^ OCtaVe.band- NO nolse «"PPresslon 
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Figure  449.     Acceleration Suppression   (ASPL)  and 
"Accelerating Inlet" Suppression as a 
Function of  l/3-0ctave Band at M 
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reduce the noise levels above the 4000 Hz band (full scale) which is consistent 
with the tuning frequencies for which the treatment was designed (see Figure 424) 

In Figure 452, the noise suppression in terras of ASPL (Hybrid - Accel- 
erating) due to the acoustic treatment is compared on a one-third-octave 
band basis for the low and high throat Mach numbers.  It is seen that on 
this basis the treatment is less effective at the high throat Mach number 
which is consistent with past results for the hybrid inlet.  The APNdB treat- 
ment suppression does not reflect this because, for the low throat Mach 
number condition, the noise in the 4000 Hz band and above dominates the PNL 
calculation.  At these high frequencies, the treatment suppression is low and, 
therefore, the treatment effectiveness at the lower frequencies is not fully 
reflected in the APNL values.  At high throat Mach numbers, it was shown 
previously that the acceleration suppression reduces high frequency noise ^ 
more effectively. Therefore, for high throat Mach numbers, the PNL is no 
longer dominated by the high frequency noise, and larger APNdB reductions 
are obtained for the treatment. 

Therefore, by designing the treatment for maximum suppression at low 
frequencies (on a full-scale basis) where the effectiveness of acceleration 
suppression is lower, good treatment effectiveness for the hybrid inlet 
in the approach mode was achieved at high inlet throat Mach numbers relative 
to historical experience. 

4.4.3.3 Effect of the Accelerating Inlet on Source Noise 

In Figure 453, the narrowband spectra measured with the traversing 
acoustic probe at the fan face for the accelerating inlet and baseline inlet 
are compared for a 1000 ft/sec corrected tip speed (Mth =0.45 for accel- 
erating inlet).  There are several differences in the spectra.  First, the 
broadband levels measured by the inlet acoustic probe are higher for the 
accelerating inlet.  This may be due to higher flow turbulence over the probe 
for the accelerating inlet and, therefore, the increase in the broadband levels 
cannot necesarily be attributed to an increase in the fan broadband noise 
levels.  From Figure 453, it is also noted that the Rotor 3 blade passing tone 
is not present for the accelerating inlet.  There is also "haystacking" 
around the Rotor 1 and 2 blade passing tones for the accelerating inlet.  Per 
Reference 51, thick boundary layers in the inlet may cause this phenomenon. 
For the accelerating inlet, it would be expected that the boundary layers 
would be thicker than for the equivalent length baseline inlet.  This is due 
to the flow diffusion from the inlet throat to the fan face, which thickens 
the boundary layer. 

Based on the increased haystacking, around the blade passing tones, if 
might be expected that the accelerating inlet perceived noise levels measured 
in the far field would be higher than those for the baseline inlet.  It is 
noted from Figure 446, however, that the PIT. at the maximum angle for the 
accelerating inlet is 3 to 4 PNdB lower than the equivalent baseline results. 
A comparison of the narrowband spectra for the accelerating and baseline inlets 
at 1000 ft/sec corrected tip speed (Mth ■ 0.45) is shown in Figure 454 for the 
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40° angle on the 100-foot arc.  It is seen that, in the far field, the blade 
passing tones and the broadband noise are higher for the baseline inlet. This 
is attributed to the presence of the centerbody and the inlet contouring for 
the accelerating inlet.  The centerbody increases the effective L/D ratio of 
the inlet, and the inlet contouring provides some "line of sight" acoustic 
blockage. 

In Figure 455, the narrowband spectra at the fan face for the accelerating 
and baseline inlets are compared for a 1220 ft/sec tip speed.  At this tip 
speed, the accelerating inlet has a throat Mach number of 0.72. At this 
speed, the "haystacklng" around the Rotor 1 blade passing tone for the 
accelerating inlet is very pronounced.  This is again attributed to the 
increased boundary layer thickness.  It is also noted that the Rotor 2 and 
3 blade passing tones are not present in the accelerating inlet results. The 
narrowband comparison for the 40° angle on the 100' arc (Figure 456) again 
shows the noise attenuation through the accelerating inlet. 

4.4.3.4 Directivity 

In Figure 457, the noise suppression, in terms of ASPL as a function of 
angle from the inlet in the blade passing 1/3-octave band, is compared for the 
accelerating and hybrid inlets.  The comparison is for the selected operating 
point (Mth " 0.78).  The baseline levels of the blade passing tone are also 
shown as a function of angle from the inlet.  It is seen that the largest SPL 
reductions generally occur at angles where the baseline levels are highest. 
From Figure 457, it is also noted that the acoustic treatment is more effective 
in reducing the blade passing tone at xarge angles from the inlet. 

4.4.3.5 Aerodynamic Performance 

A radial total-pressure traverse typical of those used to determine 
inlet recovery, is shown in Figure 458. Integration was performed along a 
line faired through the data to approximate the average pressure that 
appeared to prevail.  The results of all traverses taken for the approach 
inlet operating position are shown in Figure 459 in the form of area-weighted 
average total-pressure recovery versus throat Mach number based on design 
physical throat area.  Relatively high recoveries are apparent, out to the 
vicinity of the choking point (Mth - 0.875), especially in view of the amount 
of diffusion (and, hence, length) involved and the absence of any form of 
boundary layer control (e.g., vortex generators or bleed). At the 0.75 Mth 
design point, the recovery is about 0.3 points above the empirical value 
used to size the inlet.  There is no significant difference in the measured 
total-pressure recovery for the hybrid and accelerating inlet.  This is 
Important, since it Indicates that there is no significant performance penalty 
due to the addition of treatment.  In the past, a significant penalty due to 
frlctlonal losses had been assumed.  From Figure 459, the operating point of 
Mth = 0.78 was selected. At this throat Mach number the recovery is very 
good (0.98), and there is adequate design margin such that the steep drop in 
recovery will not be encountered In normal operation. 
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Figure A60 contains the same data expressed in terms of total-pressure 
loss coefficient (PTo - PT2)/qcth, where the denominator is the difference 
between throat average total and static pressure or the "compressible" 
dynamic head  The loss coefficient, while somewhat scattered, is seen to 
increase gradually with throat Mach number until the choking ^oint is reached. 

As noted previously, the foregoing data were obtained with a single 
traverse, located midway between support struts, and, hence, do not reflect 
the effects of these flowpath obstructions.  The actual performance/therefore 
might be expected to be slightly below that presented here.        therefore. 

M, KWuth i0%J
Of the fl0W area excluded for normal boundary layer growth alone 

he ^b and tip surfaces, (radial) distortion from the traverse is^t t-T/n 
(PTmax.PTmln.)/PTAV at the 0.78 throat Mach number. This distortion is 
acceptable from an aerodynamic performance standpoint. 

, <  ^o^1 me^ured wal1 Mach nun*er characteristics are compared with 

TiluZ 61 ^nd ^^r 'H0
' 

a ^"^ MaCh nUmber Slight1^ abo- desiBn in figures J61 and 462. Good agreement is seen, with the predicted peak Mach 
number slightly below that of the data, even allowing for the slight mis- 
match in throat Mach number. The remainder of the difference between the 
measured and predicted characteristics, especially in the aft portion of the 

^11 Aarnul380 K
6
' 

t0 T 0f amblent t0tal Pressure t0 inf« measured 
211 Ti T * ff"38 the aCtUal local total Pressure decreases below 
that value due to inlet losses.  Incorporating this effect would tend to 

ii0:hrthmeeaSTUcerde::i1t1
8
MaCh m,mberS ^ brln8 them ^ ^ ^  ^"-nt 

1. 

2. 

3. 

4. 

^•4.3.6 Summary 

At the selected operating point (throat Mach number =0.78). the hybrid 

coifL^^V1'V1™3 n0i8e suPPre^i°n relative to the'baseline configuration for the approach mode. 

S?.!^-!ie ^ftment P^vldes four APNdB noise suppression at the 
selected operating point. 

Acceleration suppression for the inlet attenuates the high frequency 
noise more effectively than low frequency noise. requency 

The presence of the centerbody and the inlet contouring in the accel- 
erating inlet results in noise attenuation in the inle" duct relative 
to the baseline inlet. This reduces the PNL of the accelerating inlet 
relative to baseline by 3 to 4 PNdB at inlet throat Mach n^mbe« ^here 
there is no apparent acceleration suppression. 

In the 1/3-octave band containing the Rotor 1 blade passing tone the 

at LT^T1011 uV'6 hybrid inlet relatlve t0 the basefine is greatest at angles where the baseline levels are a maximum. gratest 
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. 

6. 

7. 

8. 

At the hybrid inlet selected operating point, the acoustic treatment Is 
more effective at high Inlet angles In reducing the blade passing tone. 

At the selected operating point, the total-pressure recovery for the 
hybrid inlet is very good (0.98) with no apparent penalty in performance 
due to the wall treatment. 

The measured wall Mach number characteristics agree well with the pre- 
dicted levels. 

4*4,4 Hybrid Inlet Results - Take-off Mode. Blow-In Doors Closed 

4.A.4.1 Introduction 

The only difference between,the  hybrid inlet for the take-off mode 
(blow-in doors closed) and that for the approach mode is that the centerbody 
is 6.54 Inches longer.  This increases the inlet throat area such that high 
inlet throat Mach numbers are reached at an engine speed characteristic of 
takeoff. Since, for an SST engine, the blow-in doors are required to be 
open during takeoff, these results only provide a baseline level for evalu- 
ating the effect of the blow-in doors. 

A.A.4.2 Hybrid and Accelerating Inlet PNL Suppression 

In Figure 463 the PNL at the 40° angle as a function of tip speed is 
compared for the baseline cylindrical inlet, the accelerating inlet, and the 
hybrid Inlet in the take-off mode with the auxiliary inlets closed. At the 
40° angle the PNL is a maximum on the 200-foot sideline for all tip speeds of 
the baseline configuration. The inlet throat Mach number of the hybrid 
and accelerating inlet is also Indicated on Figure 463. 

At tip speeds up to 1250 ft/sec, the PNL for the accelerating inlet is 
nearly equal to that for the baseline inlet.  In Figure 464, the one-third 
octave band spectra at the 40° angle are compared for the baseline and 
accelerating inlet in the take-off mode at VT = 1000 ft/sec. The rotor 1 
blade passing tone (1600 Hz band) is lower for the accelerating inlet; however, 
the second harmonic in the 3150 Hz band, which dominates the PNL, is equal for' 
the baseline and accelerating inlets. In Section 4.4.3.2 it was shown that, 
in the approach mode, the accelerating inlet was 3-4 PNdB quieter than the 
baseline inlet at tip speeds up to 1250 ft/sec.  The onj-third octave spectra 
for the approach mode are also shown in Figure 464. The one-third-octave band 
spectra for the approach mode are, in general, lower across the entire noise 
spectrum. A comparison of the inlet probe source noise measurement nearest 
the wall for the approach and take-off modes (Figure 465) shows that the 
rotor 1 second harmonic Is significantly lower at the fan face for the 
accelerating inlet in the approach mode. Therefore, the reduced 1/3-octave 
band level at 3150 Hz is attributed primarily to lower fan source noise. 
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Figure 464.  One-Third-Octave Band Comparison for the 
Baseline Inlet and the Accelerating Inlet 
in Both the Approach and Take-off Mode. 
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At a tip speed of 1250 feet/second the PNL for the baseline inlet 
increases sharply, while for the accelerating inlet the PNL remains nearly 
constant as a function of tip speed.  The throat Mach number is only about 
0.60 and, therefore, this cannot be attributed to acceleration suppression. 
In Figure 466 the SPL at the rotor 1 second harmonic blade passing frequency 
measured at the five equal area immersion depths at the fan face are shown 
for the baseline inlet and accelerating inlet in the take-off mode.  The 
comparison is made between VT = 1220 and 1372 ft/sec, the speeds before and 
after the abrupt increase in the PNL for the baseline inlet.  It is seen that 
for the baseline inlet, there is a large increase in the source tone level; 
however, this did not occur for the accelerating inlet in the take-off mode. 
Thus, it appears that, due to the different inlet configuration for the 
accelerating inlet,' this abrupt change in the source noise did not occur. 

In Figure 467 the one-third-octave band spectra at 40° are shown for the 
accelerating and baseline inlets at a corrected tip speed of 1340 ft/sec.  At 
this tip speed, the inlet throat Mach number is 0.68 for the accelerating 
inlet.  The acceleration suppression is not significant at this throat Mach 
number.  The comparison shows that the noise levels, especially at the rotor 1 
blade passing tone and its harmonics, are much higher for the baseline config- 
uration.  This is attributed to the higher fan source noise for the baseline 
inlet as shown above.  It is also noted that the vortex-shedding tone at 
630 Hz is less for the accelerating inlet.  In Section 4.4.2.2, this tone was 
linked with an increase in the blade passing tones for the baseline inlet. 
Therefore, it is speculated that perhaps the lower fan source noise for the 
accelerating inlet is due to smaller vortices being shed off the IGV's. 

Because of the difference in source noise between the baseline inlet and 
the accelerating inlet in the take-off mode, it was necessary to isolate the 
acceleration suppression by referencing to the accelerating inlet results at 
VT ■ 1340 ft/sec where Mth - 0.68. At this throat Mach number, there is no 
significant acceleration suppression.  This can be seen in Figure 468 which 
compares the one-third-octave band spectra at VT = 1280 and 1340 ft/sec. 
There is no significant reduction in the 1/3-octave band levels.  From Figure 
463 the acceleration suppression at the selected operating point (Mfu = 0.77 
see Section 4.4.4.4) is, therefore, 6.5 PNdB.  The inlet configuration provides 
an additional 8.5 PNdB noise suppression relative to the baseline and the 
total suppression, therefore, is 15 PNdB at the selected operating point 
relative to the baseline cylindrical hardwall inlet. 

The acceleration suppression in terms of ASPL as a function of frequency 
is shown in Figure 469 at 40° for Mth ■ 0.77.  The acceleration suppression 
increases with frequency and also peaks at the rotor 1 BIF (2000 Hz).  These 
results are consistent with those presented earlier for the accelerating 
inlet in the approach mode. 

From Figure 463 it is seen that the treatment effectiveness varies markedly 
as a function of tip speed. Up to a tip speed of approximately 1230 ft/sec, 
the treatment provides between 5 to 6.5 APN IB suppression.  The one-third- 
octave band comparisons for the accelerating and hybrid inlets at VT ■ 1000 
and 1219 ft/sec are shown in Figures 470 and 471, respectively.  The treatment 
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One-Third-Octave Band Comparison for the 
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Figure 468.     One-Third-Octave Band Spectra Comparison 
at  1340 and  1280 ft/sec. 
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Figure 470.  One-Third-Octave Band Comparison 
Between Accelerating and Hybrid 
Inlets, V = 1000 ft/sec. 
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Figure 471.    One-Third-Octave Band Comparison 
Between Accelerating and Hybrid 
Inlets, VT = 1219 ft/sec. 

593 

.   IHpMMMiiKMM 



tuning frequencies are indicated on both plots.  At both speeds, the treatment 
is providing suppression across the frequency bandwidth over which the 
treatment is designed. 

Above the 1230 ft/sec tip speed there is a significant reduction in 

at^Ti^I fw1^?8^ uA CO,nParlson 0*  the one-third-octave band spectra 
at VT =1334 ft/sec for the accelerating and hybrid inlets is shown in Figure 

tl:\rl\      I'*« !J n the r0t0r 1 blade pa8sln8 i/3 octav« band (2000 Hz) 
the treatment effectiveness is near zero.  In Figure 473 the treatment effec- 
tiveness in terms of ASPL is compared as a function of one-third-octave band 
for this tip speed and 1219 ft/sec.  There is a significant reduction in treat- 
ment effectiveness in most one-third-octave bands. 

In Figure 474 the ASPL due to treatment at the rotor 1 BPF is compared 
for these same tip speeds as a function of angle from the inlet.  At aü 
angles  the treatment effectiveness is lower for the higher tip speed.  Ic is 
interesting to note that at the 10° angle there was an increase in ^ blade 

sneed*8 ^V^ trea,tment wa3 added ^  ^oth speeds.  Also, for both tip 
line whl.h% '   'r/8 r" effectlve at l«*l« angles from the inlet center- 
line which is expected, since the treatment is more effective in attenuating 
from thelnLt hl8h«-order modes are dominant at high angles 

At inlet throat Mach numbers above 0.68, there is significant acceleration 
suppression  From Figure 463 it is seen that the treatment effectiveness is 

lotTt .t I "I hl8h inlet thr0at MaCh nUmber8- At the «elected opiating point the treatment provides only 0.5 PNdB suppression. In Figure 475 the 
one-third-octave band spectra for the accelerating and hybrid iSets a 

in the hl-H3" """^w^ the 40 n*1*'    There is no treatment suppression 
in the blade passing 1/3 octave band  (2000 Hz) which is consistent £lth 

(see Figure' 4 ^  ^ '^ 8Peed P0int8 WhiCh ^ l0W throat «^ ^bers 

^•4t4.3 Aerodynamic Performance 

Figure 476 is a representative total-pressure traverse taken at an 
average throat Mach number of 0.77.  Total-pressure recovery and loss 
coefficient, derived from the traverse data, are shown in Figures 477 and 47« 
respectively, as a function of throat Mach number.  Ihe recover^data eihiblt' 

0 85  0 L'M  P^f0manCe OUt t0 the Ch0kln8 P0lnt indicated at about 
ft ?« - 0-86 Mth, the recovery value used in sizing the take-off position at 
0.75 Mth is exceeded by about 0.8 points.  Based on these recovery data an 
operating point of Mth - 0.77 was selected; the recovery is 0 98 L ^1 tl      . 
Mach number, and there is adequate design Margin be^ore'the steep drop nt^ 
recovery curve.  There is no significant difference in the measured total- 
pressure recovery for the hybrid and accelerating inlets.  Therefore  here 
is no performance penalty due to the addition of the acoustic treatment  L« 

a'bou 6 ^^P818'611
' "^ ^f f0r the apPr0ach Oode-  Radial dlstor"^ of 

about 6.2% (PT    - PTmin#)/PTav is Indicated by the Figure 476 traverse 
based on the standard lot^rea delusions.  This'ls acceptable from In a^o- 
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dynamic standpoint.  In Figures A79 and 480, the predicted and measured wall 
Mach number distributions are shown.  Good agreement between the measured 
and predicted distribution Is demonstrated. 

4.4.A.4 Summary 

1.  At the selected operating point (Mth = 0.77) the hybrid Inlet In the take- 
off mode (BID closed) provides 15.5 APNdB noise suppression relative to 
the baseline Inlet. 

2. 

3. 

4. 

Acceleration suppression was Initiated at an Inlet throat Mach number of 
Mth ■ 0.7. 

At tip speeds up to 1230 ft/sec, the acoustic treatment provides from 
5-6.5 PNdB suppression.  Above this speed, however, there is a 
significant reduction in treatment effectiveness even for low inlet 
throat Mach number conditions (Mth =0.60). 

For the design point with the BID's closed, the total-pressure recovery 
is 0.98 for the take-off mode.  There is no significant difference in the 
hybrid and accelerating inlets.  Therefore, there is no performance 
penalty due to the addition of treatment. 

A.4.5 Effect of Blow-In Doors 

A.A.5.1 Introduction 

Most airplanes designed for supersonic flight require some form of 
auxiliary air inlet as part of their induction system.  This is because, in 
genera)", the capture area of the primary inlet is set by the supersonic 
flight condition.  As a result, the inlet area is too small to provide good 
recovery and distortion performance with the characteristic sharp-lipped inlets 
for the high airflow take-off condition. Auxiliary Inlets or "blow-in doors" 
are provided to reduce the flow drawn over the sharp lip into the primary 
inlet.  The primary inlet generally operates separated at low forward speed 
take-off conditions, and the blow-in doors thus improve take-off thrust perfor- 
mance.  In some systems, these blow-in doors may be designed to double as a 
bypass flow system for inlet/engine airflow matching at certain off-design 
supersonic flight conditions.  At any rate, the blow-in doors provide another 
potential path for compressor noise propagation during the take-off condition 
That is. not only must an attempt be made to suppress the compressor noise in 
the primary inlet, but it must be prevented from leaking out through the blow- 

s^tem18 S0 ^ n0t t0  ne8ate the effectlvene88 of the lnlet noise suppression 

This problem was addressed by providing six blow-in doors (described in 
Section A.A.1.2.2) in the inlet frame area. The objectives of the blow-in 
door tests were as follows: 
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1. To evaluate the noise leakage through the doors 

2. To partially suppress the noise leakage through the doors with 
acoustic treatment 

3. To suppress the noise leakage through the doors with airflow 
acceleration (high Mach numbers) in the blow-in-door passage 

The approach to meeting the second objective was simply to locate some 
acoustic treatment in the primary inlet between the compressor IGV's and the 
doors (see Flgurfe 4?5). In order to meet the third objective, the doors were 
designed to be mechanically adjustable to three separate positions, referred 
to herein as nominal, 114% nominal, and 81% nominal.  This was predicted to 
r?11^ S ü^ nx3mhers  in the blow-in-door passage, relative to the primary 
inlet which were, respectively, equal to, higher than, and lower than the 
primary inlet.  Thus, the amount of leakage and the effect of acceleration 
suppression on the leaked noise could be defined.  Also, the effect of noise 
leakage through the blow-in doors could be isolated by comparison with the 
hybrid inlet results for the take-off mode with no BID's (i.e., BID's closed), 
described in Section 4.4.4. '     ö»««/» 

4.4.5.2 Aerodynamic Performance 

The test facility employed a flow collector with two Venturis downstream 
ot the low-pressure compressor to measure total inlet/compressor flow rate- 
no direct means of measuring the separate primary and auxiliary inlet flow' 
rates was available. The scheme used for this flow-split determination was 
to correlate primary inlet flow, from the results with the BID's closed, with 
a wall static pressure measurement; infer primary inlet flow for the open BID 
configurations in this manner; and, 'deduct this primary inlet flow rate from 
the measured total flow to arrive at the residual, BID (total of all six 
passages) inlet flow.  Streamtube curvature program results were used to 
facilitate and lend consistency to this procedure as follows.  The primary 
inlet was analyzed over a wide range of flow rates in the take-off mode. 
Indicated wall Mach-number flow relationships were then plotted for several 
selected static taps, located on either surface somewhat forward of the 
physical throat (to preclude possible shodc/boundary layer effects near the 
tested inlet choke point). These characteristics are shown in Figure 481- 
they were used to infer Inlet flow rate for various test points.  The differ- 
ence between this Inferred flow and the actual measured flow was then determined 
and is presented, as a percent of measured flow, versus measured flow in 
Figure 482.  Based on these results, the centerbody pressure tap at aero 
station 10.0 correlated best with the measurements. A line was faired 
through the corresponding data of Figure 482 as shown, and this characteristic 
was then used, in conjunction with the appropriate curve of Figure 481 to 
determine primary inlet flow with BID's open, from a single static pressure 
measurement.  The assumption implicit in this procedure is that the primary 
inlet aerodynamic characteristics are a function only of primary passage 
corrected flow and do not depend on auxiliary inlet setting or total inlet 
flow. 
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With this methodology, the individual passage flow rates and throat 
Mach numbers may be determined and compared to objective values. This has 
been done In Figures 483 through 486. Figure 483 shows (total) BID corrected 
flow as a function of total inlet corrected flow for the three BID configura- 
itT"'  / iraÜ "latlonshiP Prevails over the range of test conditions of 
interest.  The design values estimated from the STC design analysis are noted 
for comparison  It is apparent that, while the smallest (81% of nominal) BID 
nTiS  «rn3    8n perforraed abo^ ^s intended, the nominal and largest 
U14/) BID settings appear to be roughly 14% and 21% deficient in design 
flow, respectively. While some deviation is Inherent in the nature of 
the scheme employed to determine BID flow, i.e. taking the difference of 
two numbers of comparable magnitude, these values exceed a reasonable allow- 
TiTfJrll  ^  f!ctor-  F18ures *8*. ^5, and 486 express this same trend in 
different formats:  BID Mth versus primary Mth. primary Mth versus total 
inlet corrected flow, and BID Mth versus total inlet corrected flow, 
respectively. ' 

These data all suggest that, for a given total inlet/compressor flow 

X^^tVll  "T !10^ PaSSfd thrOU8h the prlinary inlet and les« trough the BID inlet than desired, excluding the 81% BID throat area setting which 
performed about as designed. This result maj ha due to a larger total-pressure 
loss in the BID inlet than In the primary InLt. relative to ?he Je Rvalues 

est^tes'were^LL"^^ ^ ^ ^ "^'^ ^ ^ the de8i^ flow 

The foregoing explanation is borne out by the primary inlet recovery 
data previously shown in Figure 477 and the BID Inlet recovery characte^sM.« 

b AT; .^ i0™\dat* lndicated the primary inu"7re o"e ^ o 
be about 0.8 point above the take-off design estimate. The BID recovery 
levels were determined from the measured overall recovery levels and the 
assumption that the primary inlet continues to perform as it did w^th the 

lltl J: / im*lic±tly a88umes that all losses occurring aft of he 
door tailing edge, i.e., mixing and flow redistribution, are arbitrarily 
caused" by, or assignable to, the BID system.  The BID «covery is calcu- 

11111*1 ^J?111* WhlCh' When " and the aPP"Priate primary recovery are 
weighted by their respective effective flow areas at the door trailing edae 
(mixing plane), yields the measured overall recovery.  SymbollcaUy 

HR       ■ (APrl)TE       -    . ^BID^E 
«overall   (A ^ + AnTn)  Xrj 

+ n 
pri   BID^TE  P

     
CA 1—^ pri + Wm    'KBID 

The BID total-pressure recovery characteristics   (Figure 487)  exhibit 

nJ^m lluitlTZ'- ZITllZirnot felt"be a °^- 
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total pressure deficit Is still present radially inward of the predicted door 
trailing edge streamline location, i.e.. in the primary flow zone *Wcb i. 
relatively "clean" when the BID's are closed (see Figure 476). 

It Is felt that this performance degradation may be due to a combina- 
tion of:  1) the BID side plates, which are uncontoured; 2) the fact that the 
primary flow boundary layer is relatively thick and "ti^d" as i ajproalhls 

of JvT H ^ (dUe t0 the dlffuslon already accomplished and the lack 
of any boundary layer control feature) and 3) to the irregularly shaped primary 

nlTJUTlJT^^  the StrUtS ^ depreSSed BID "chut'8,,•  It may also ^ noted that the two larger BID configurations (Figures 489 and 490) exhibit a 

SS T^    ^  ^Jf1 PreSSUre f0r SeVeral inches inward from the tip flow- 
path, while the smallest BID (Figure 491) has a gradually increasing totlt 
pressure characteristic of a boundary layer and consistent with its perfor- 
mance advantage (Figure 487). perror 

Wall Mach number characteristics, calculated from measured static 
pressures, do not exhibit any flow separation in either the primary or 
BID passages. Primary inlet data are shown in Figures 492 through 497 for 
each of the three BID configurations. Agreement with the STC predictions is 
8r^ aJJnWlng f0r the Sll8ht dlfference ^ throat Mach numbers and the absence 
of the BID system in the STC analysis. Corresponding data for the BID 
passage m&  Internal door surface are presented in Figures 498 through 500 

MDCZ:L  HJ^ analr1Cal Predlctions a" given, due to the aforementioned 
BID geometry difference between the STC model and the actual test article 
However, the following observations of these data may be made: 

* ^niC!ted Peak Wal1 Mach numher8  are consistent with the average 
BID throat Mach numbers determined as previously outlined- i e 
the average throat Mach numbers are somewhat less than the maxi- 
mum local wall values, as would be expected, due to wall curvature 
effects.  It should be noted that, if anything, the wall Mach 
numbers are overstated since they do not reflect entrance total- 
pressure losses. 

• No flow separation or anything that would suggest the relatively 
poor performance measured by the downstream total-pressure 
traverse is indicated. A smooth acceleration and deceleration 
is seen (except for the 81% nominal configuration, where no signlfl- 
H^K/ nUo ?n i8 exPected due to the ^sign throat being located 
within -0.3 inch of the trailing edge). Taps on either side of the 
door near the trailing edge indicate essentially equal static 
pressures; exact agreement is not expected, since the nearest taps 
are 0.22 - 0.2 inch from the trailing edge and different doors 
were instrumented for each surface - relatively thin door section 
thickness necessitated this. 

As a further check on the BID passage wall pressure data, they were 
compared with one-dimensional values based on physical orthogonal flow 
areas and ambient pressure (consistent with the test data reduction pro- 
cedure). The results are presented in Figures 501 through 503. corresponding 
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to the data of Figures 498 through 500, respectively.  Except in the vicinity 
of the entrance region, where the effective flow area is understated due to 
the fact that flow can enter via the sides near the outer door, the data are 
greater than or equal to these simple one-dimensional calculations. This 
indicates that the BID passages do not have any significant dead regions 
(e.g., in the comers) and are "flowing full." However, the foregoing infor- 
mation suggests that performance degradation occurs in the mixing region 
rather than in the BID passages themselves. 

4•4•5•3 Aerodynamic Performance Comparison for Various Inlet 
Operating Modes  "  

To place the preceding discussion in perspective and integrate the 
performance results from the various test configurations, Figures 504 and 505 

anr.Z ^i rec0very a8 a function °f Primary inlet throat Mach number 
and compressor inlet corrected flow, respectively. Figure 504 shows that the 
approach and takeoff-with-BID-closed configurations perform quite similarly 

Se thrLlrn   ^
MaCh rmber deSPlte the dlfferen" ^ "quired diffusion. 

The three BID configurations exhibit performance decrements, relative to 
these primary-only data, of about 1.7 points (114% nominal), 1.9 points (81% 
nominal), and 3.2 points (100% nominal) at the respective design points. When 
these same recovery data are expressed in terms of compressor corrected flow 

Tn firrt  ;. e/ 8?1!1Can^ 0f the auxiliary (BID) Inlet system Is obvious. 
In the take-off mode with BID's closed, the inlet chokes well before the Ul 

add-on6! 1? P  N'/8 lntended- Wlthout «a auxiliary system, required 
additional flow would necessitate extreme centerbody translation and/or inlet 
oversizing, either of which would severely compromise system performance by 
increasing weight and/or drag.  Inclusion of an auxiliary inlet sys^m as 
indicated in Figure 505. produces the required airflow without othe^e modi- 
fying the primary inlet, albeit at a recovery penalty in this case. However 
even with the relatively poor BID performance already noted, overail recover^ 
levels of about 0.952 (100% and 114% nominal BID settings) to 0.962 (8U 
nominal BID setting with minor resizing) are achievable at the 111 lb/sec 
design corrected flow.  (It should be recalled that the BID entrances in the 

Per o^rd^^rV1" .8ta"C 0Peration. whi^ ^e primary entrance was. 
Performance decrements for the 3 BID designs, relative to the BID-closed con- 
figura ion, therefore, are not representative of an actual Installation opera- 
ting either statically or at low flight speed. For an actual, sharp-lip^d 
inlet performance levels would probably be lower statically, and higher at 
take-off and approach flight speeds, than the values of Figu« 505 due to 

tocrrr:ff:ct:!)y lip lo88 8tatlcaiiy and reduced BID
 
iip *o88 in ^ L 

507 ^"e8Pondin8 ^8toytion ch^acterlstlc8 are shown in Figures 506 and 
507, with the qualification that they are based on a single radial traverse and 
therefore do not reflect circumferential variations due to the BIDs and 
struts. Main points to be drawn from these plots plus the various total pres- 
sure traverses presented earlier, are as follows: P 

•   Radial distortion levels are moderate, with design point values 
of about 4+% (approach). 6% (take-off-wlth-BIDS-closed), and 7-8% 

628 

t 

—*•" »*<-i——« 

v~—■•:■'""'^        ' ' ^"SJ ' ■"■'        '       ""■"§• ■'W* 



52 54 

Aero Axial Station ~ Z 

Figure 501. Comparison of Measured BID Wall Mach Distributions with One- 
Dimensional Calculations for the 81% A  BID Setting. 
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52        54        5fi 

Aero Axial Station ~ Z ~ inches 

Figure 502. Comparison of Measured BID Wall Mach Distributions with On^- 
Dimensional Calculations for the 100% A  BID Setting. 
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1.0 

50        52        54       56 

Aero Axial Station ~ z ~ inches 

Figure 503. Comparison of Measured BID Wall Mach Distributions 
with One-Dimensional Calculations for the 114% 
Ath BID Setting. 
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(These levels are based on corrected (take-of f-wlth-BIDS-open). 

a^ead^dltufs^)"  ^ deSlgn '^ ^ ^ ^/Ü 

BID 11  app"ach'  take-off-with-BIDs-closed.  and  take-off-„ith-8r/. 
wall   to  "!fJ8Urations'   tot*l P-ssure gradually recovers  from tL 
wall   to  the free-stream values.     However, with the 1007 and  rU7 
Ath designs,  separated flow  (characterized by a flat    adial  tottl 

rrTiT/l0'11^  PerSlStS  t0 a Point  1-2 inches    nwa^ of the 
con?! .^  trallin8 ed8e  stre^line  location.     TW  last  2 

thTftir^ar'-a rauch 8reater di— --- -- 
traversls^e'^La^^dln Table^r^504 thrU   ^  and  the  ^-l-pressure 

while room for l^roveLn texis      in'th.^"  lnterPreted to -ggest  that. 
Performance is considered acceptable for LOI^'M'  

OVera11 aerod^amic 

sideration. acceptable for applications currently under con- 

4•4•5•4    Description of Acoustic Results 

the nominal and ll« «IB^rJ,?! three "P6"-81" Positions.    The PNL for 

SH Position In^r^L^r^wha" ^ TlCfsof^ris"8  f0r
h
the 

diffe^ Ho -tt rrB^S" " S1^ tlP ^ ^ s^lfLnay"  ^ 
of 1450 ft/sec    thf respective primär; th       ^T^^'  at a COrrected ^P  sP-d 
nominal,  nominal,  and^Hf^i      ^ ^    o^'are"    TlV^ ^^ 
this difference in primarv inlpt thlnlll    I are°'72'  0'755.  ^d 0.805.     With 

show a significant ^^b.^t^mlef
,±!

IÄri, ^ meaSUred P^ levels ^uld 

were closed.     This  is h«J «TS ? hi8h Mach numbers if the BID's 

suppression wi^^h^Bi? ^    8    ^^r ilu'e"^")6' T^ ** ^-^ 
speed  (1450  ft/sec),   the perceived nn^Iii     ^ *     However.  ^  this  tip 
BID positions.     Froi this resultlt is LTH   /^ ^ eqUa:L for the  tl— 
net noise acceleration s;p^^^^^rJ HX^D'S^^^^^^^

818
"
lfica- 

ation suppression indicates f-w mQ ^    J P Thls lack of acceler- 

speeds must not be  throu h8th "rWy^n^    ^ o0^110186 f  theSe hl8h  ^ 
can take is  through the blow-in doors      ?k! ^      ! «    !r Path Which the noise 

shown in Figure  5!o was nevL above 0*6 ^Ä J^ ^f ln the BID,S as 

higher Mach numbers.     The measured a^nH™?8    ^    y Were deslgned to reach 
open was discussed in Z ZZlt TelltirVllllTZV^ ^^S 

numbers,   there is probably no acceleration suppression        PaSSa8e ^ ^ i 

a functio^ran        U Z^^TA "^ ^^ ^^ ^ ** 
ft/sec tip speed'    There is Lsigniflcant'dlff15611 BID posltion« at the 1448 
over the range of BID positions inveflg^ed611" ^ the directivity 
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Figure 511.     Directivity Comparison of Rotor  1 BPF  for the 
Three BID Positions. 
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the various Bli position        Tjris«f^^,
J
the ValUeS Vary SOne,'hat  f" 

characteristics ?or    he thref^n ' "^""ted to differences in  the flow 

512.   the power WifdVLTv!" ItllZ^T""'  " "^ " ri8U" 

nominal position      Se no^er L™? "» hf™onics are lower for the 8U 

;^rband-"---—^^^^ 

114% Nominal  Nominal 

Rl-Fl 

R1-F2 

R1-F3 

144.2 

138.7 

136.7 

146.0 dB 

139.2 dB 

136.7 dB 

81% Nominal 

142.9 dB 

134.0 dB 

132.4 dB 

determine if there was^ .Wc^^t^^^ ^  tiP SPeed " 

compa^^rthat'mLtS wlth0;:^ l^f  £l"^  ^ BID,S)   is 

r^f^rrjr^ £SÄ ^rjs-^ s r; eu
q

p
u:i.

i3L0 ft/ 

^?h the Bio's closed Irin^heT0?"/' ^ = 1000 ft/seC a" comp^ed 
Identical except ^^rthftone^ Zoll    iT'T'u ?\*tTS *** «^ 
Thl.  tone is probably the^tex    he^d ;g

P ^ ^ IGV^'M  f ^T^ 
cussed  in Section 4.4.2.2.    Based on the fact  thL^ iCh WaS dis- 
Identical with  the BID's onened Irf     i       !    !    ?       the  sPectra a™ "early 
Passing through the MD's Jsless th^ ^h ^    ' ^ COncluded  ^  the noise 
entrance area'at  this low    lp speed for the ^

SllVhro^h the P^mary Inlet 
SPL in the blade passW l/W?«™ llL * an*le'     In Fl8ure 516'   the 

inlet  is  compared'fofSe    L    o^ditlons38 i^ltlT 0f ^  ^ the 

at high angles from the inlet    ^not . is CUrve lt  is seen  that. 
an increas ngly SES^Ja^^^J^ L^ I^ffct'8 ^T 
angles  it dominates the measured noise level      At anafl    J i       ,Aoat hi8h 

the presence of the BID's does not changHi; ^ÄuJ^^ST^ 

the lUO^TJll; Zel'llTZ Bin' T^ " 40e ^ ^^  *** 
speed with the HI?s in thl no f i   ! 'Z0860 ^ the 1356 ft/sec tip BID s in the nominal position; for this small difference in 
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tip speed, It Is seen In Figure 514'that the noise levels for each specific 
configuration did not change significantly. At these tip speeds the inlet 
throat Mach numbers are low and there is no significant acceleration 
suppression.  However, from Figure 514, the PNL with the BID's open is 5 
PNdB higher.  Figure 517 shows that this  is due primarily to a marked 
increase in the rotor 1 blade passing tone with the BID's open although the 
levels have increased in all bands.  In Figure 518, the SPL in the blade 
passing 1/3-octave band as a function of angle from the inlet is compared 
for the same conditions.  The increase in the blade passing tone with the 
BID's open indicates that the noise passing through the BID passages is 
greater than that emanating from the primary Inlet entrance area at this 
speed for most angles (there is no primary acceleration in either case). 
This result may Indicate a large Increase in the fan source noise with the 
BID's open.  However, a comparison of the measured blade passing tone as a 
function of immersion depth at the fan face for a slightly higher tip speed 
(Figure 519) shows that the blade passing tone is actually lower with the 
BID's open.  Since the noise passing through the BID's dominates the 
spectra at the maximum angle (40°), as the Inlet throat Mach numbers are 
increased to values above 0.7 where acceleration suppression is achieved in 
the primary inlet, there was no significant effect on the noise levels. 

In Figure 520, the results for the hybrid inlet with the BID's open, 
the hybrid inlet with BID's closed, and the baseline cylindrical bellmouth 
inlet are compared.  For the hybrid inlet with the BID's open, the compressor 
operated to higher tip speeds than with the BID's closed.  This is, of course, 
the purpose of the doors, which provided a much more realistic compressor 
speed/flow operating condition for takeoff than did the BID-closed configura- 
tion. 6 

Also, in Figure 520 it is seen that significant noise suppression 
(up to 15 APNdB) was achieved for the hybrid inlet with the BID's open rela- 
tive to the baseline cylindrical bellmouth inlet results. With the BID's 
closed, the hybrid inlet provided 15.5 APNdB. At the low tip speeds, the 
4-5 PNdB reduction (with the BID's open) is attributed to the acoustic 
treatment in the hybrid inlet.  In Figure 521, the 1/3-octave band spectra 
are compared for these two inlets at the 40° angle for the 1448 ft/sec tip 
speed.  A similar far-field narrowband comparison is shown in Figure 522. 
These comparisons show that, with the BID's open, the SPL's are significantly 
reduced in all bands.  From the narrowband comparison, it is seem that the 
MPT's are reduced along with the blade passing tones.  A protion of this 
noise reduction is attributed to the acoustic treatment between the compressor 
IGV's and the BID's.  However, based on the magnitude of the PNL reduction 
and the fact that is occurred in all 1/3-octave bands, it follows that an 
additional suppression mechanism exists. As seen in Figure 523, there was no 
major change in the fan source noise characteristics at the rotor 1 BPF and, 
therefore, a change in the fan source noise is not producing this additional 
noise suppression.  This attentuation might be attributed to the rapid area 
change seen by the fan noise when it encounters the BID's.  This rapid area 
increase produces a large acoustic impedance, and a large portion of the 
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the B^Cen^helLTtirMD W 'U"""1" f" "» ^brid In!., with 

^. 

3. 

4. 

^•4.5.5    Summary 

change'tirPN^at'th'8   ^J10" ^ ft/seC)»  the blow-in do0" ^o not cnange the PNL at  the maximum angle.    At high angles from the Inlet 

Zn
m7eZlief* r^? *T 1S 8i8nlfi-ntly

8higher"thtS BID's open,  relative to closed in the hybrid inlet. 

is gieaterthafth!/3^ t*'™*  ^ n0l8e Pa88ln« throu8h ^ BID's is greater than that which emanates from the primary inlet entrance 
area for most angles from the inlet centerline. entrance 

^n^H11116' thr0? ^ nUmber Wa8 at or near ^oked for the high 

13 APNHR
tiP/PeedS the hybrld inlet with the BID,s «Pen provided up to 15 APNdB noise suppression relative to the baseline InL^    TM« ?f 

suppression was probably due to the lar*e acousMoV    f * lar8e 

by the blow-in-doors    anrf  tL 1*1    .< acou8t^  Impedance produced 
doors and the ^ fa^ Jace C treat,nent betw"n the blow-in 

M.6    High Mach IGV Test 

^♦4«6,1    Introduction 

of thfcirres^r ^r^ ^ re8Ult8 0f tUrnin8 ^ inlet ****  — "aps 
ICV J..^^^ -bers in tL 

which was required to generate t^hJ^M86.^ ^  a880clated Wgher airflow 
was to set the desired tin «n!J ¥t "^ nunb*r3'     The basid test procedure 
was i^^^J&l^^^^"^« fi8 «P-d. the'lGV angle 
the entire range of practical flan !üf.!T Ü* ^  lnve8tl8ation covered B« or practical flap angles for the three-stage LPC IGV's. 
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4.4.6.2 Aerodynamic Performance 

When the IGV angle Is Increased, It has the effect of decreaslne the 

IGT"?'!   V18""524 the calculated throat passage area as f unc Ion of 
IGV angle is shown.  To arrive at this, three sections ftlo vitrh    .nHTK? 

were analyzed and a throat area calculated at each sect on'forrJo/flow^ 
streamtube.  The total area represents a summation of ten 10% streamtubel 

hnth  M6 rftdu;tlont
1« fan al^low can be seen in Figure 525 which shows for 

Figur y'ift^6 alrf1^ deCrea8ln8 Wlth IGV a^le- Als° *^t* Fofww/ the/verage throat Mach number as a function of IGV angle 

achieved.  P ^  ^ '' ^ ^^ IGV an8le' hi8h throat Mach number^ were 

In Figure 526 the nominal fan performance map is shown. The effect of 

when the IGv'Sar.P°J^ m0Ve/0Wn thf normal operating line. For example, wnen tne iGV s are at the maximum angle at the 152A ft/ser tir, anaaA    -l 
weight flow is 84.3 Ibm/sec and the pressure ratio is 2 Is Vltl *    ^ , 
IGV position, the weight flow is mV/sec aL the p ; Le a i Tff 

Sis o^'^'^'f8 ^ IGV S CaUSe8 a 8i8nif^ant loss in fan plrforÜ^' 
™ulT<        P"^™311" mu8t »>• considered intolerable from a prac^cal 
applications standpoint, if low noise and high thrust are required simul- 
taneously. Also, since fan efficiency is reduced, the turbine could nnr 
extract enough energy from this reduced flow to »^^4^^ 

4.4.6.3 Noise Suppression Achieved 

In Figure 527 the maximum PNL on the 200' sideline is shown for the two Mn 
speeds as a function of IGV angle. The maximum APNL suppress!^ at the ulo  ' 

is's' PPN5B T  2!^r^ 9 PNdB' ^ at the 152* ^  tip'spee 
IGV LUl    M ; f e^ected' the greatest suppression occurred at the largest 

t is fiterestln: r ^ ^ 5i8he8t aVera8e IGV paS8a8e throat Mach number! 
.* rrv   ^    ? t0 n0te ±n

0  
F±8Ure 527 that there ^ also noise suppression 

beiro?78 S   " than 54 Where the IGV Pa8Sa8e throat Ma^ nJers Le 

in iäl^l^V28:  thl  PN^ 8uPPre8sion 1« «hown as a function of percent loss 
TJrtll  Janf

thrU8tl For both tip speeds it is seen that there is a large 
decrease in fan performance associated with the noise reduction. 

In Figure 529 the 1/3-octave band spectra are compared at 1410 ft/sec 
for the nominal IGV angle and the maximum IGV angle. At this maximum an^. 
the average throat Mach number is 0.86. The comparison s^ ÄaTfll dB 
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reduction in the rotor 1 blade passing tone.  The narrowband comparison In 
Figure 530 shows that the rotor 1 BPF and Its harmonics are suppressed along 
with the MPT's.  The MPT suppression Is due to the fact that when the IGV 
au8lfmi?

C^eaSeS, the fan relatlve ^P ^ch number decreases, and, therefore, 
the MPT B generated are less. It is also noted that the MPT reduction below 
BPF does not show up on the 1/3-octave band comparison because of the broadband 
noise increase associated with the high flap angles  It is speculated that this 
broadband noise Increase is caused by the nonuniform flow characteristics over 
the IGV s into the fan at the high IGV angles. 

At the 45° IGV angle, the throat Mach number is only 0.60 and, therefore 
no significant acceleration suppression would be expected based on historical* 
results. However a 7 PNdB reduction was realized.  In order to explain this 
difference, the 1/3-octave spectra at the 1410 ft/sec tip speed is compared 
for the nominal position and at a 45° angle in Figure 531. A similar far-field 
narrowband comparison is in Figure 532.  It Is seen that the PNL reduction is 
due to both a reduction in the MPT's and a reduction in the rotor 1 blade 
passing tone and its harmonics. The reduction in MPT's is due to the lower 
fan relative tip Mach number for this higher angle. For the 45° IGV flap 
aü8l!;.the!e WaS 0nly a Sl±ght  lncrease ^ broadband noise which did not negate 
the MPT reduction on a 1/3-octave-band basis.  The reduction in the blade pass- 
ing tones is attributed to the reduction in fan blade loading due to the drop 
in fan weight flow and pressure ratio when the IGV angles are increased, and. 
also, increased "11-e of sight" blockage through the IGV's. 

At the 1524 ft/sec tip speed, only a 5.5 PNdB noise reduction was achieved 
at the maximum IGV angle where the inlet throat Is choked (Mth 3 1.0)  Theo- 
retically, If this area were fully choked, only the noise which leaks through 
the boundary layer and that which is radiated through the engine casing would 
ItT .:.  Therefore, a large reduction in noise level would be expected.  Since 
this did not occur, the flow was obviously not fully choked. It is suspected 
that the calculated passage areas, which are approximate as discussed previ- 
ously, may be underestimated, or that local subsonic flow regions exist in the 
passage which allow the noise to escape.  Comparison of the 1/3-octave-band 
spectra and narrowband spectra for the nominal and maximum IGV settings are 
shown in Figures 533 and 534. Excellent MPT suppression is achieved; however, 
there is only 4 dB (Figure 533) of suppression at the rotor 1 blade passing 
tone which explains the lower PNL suppression at this tip speed. This lower 
suppression at the blade passing tone is attributed to the fact that, at this 
tip speed, the fan source noise is significantly attenuated by a strong and 
extensive detached shock as explained in Section 4.4.2.2. The blade passing 
tone which reaches the IGV passage is lower; and, therefore, the ASPL reduction 
due to the acceleration suppression would be expected to be less. 

4.4.6.4 Directivity 

In Figure 535, the SPL in the rotor 1 BPF 1/3-octave band, as a function 
*  f??ie/^0m    ±nlet,  ls comPared for various IGV angles at a tip speed 

of 1410 ft/sec.  The nominal IGV angle has a sharp peak at the 40° angle from 
the inlet. As the IGV angle is Increased up to 45°, the curve becomes flatter 
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near the maximum.  Also, it is seen that there is increased suppression at the 
blade passing tone relative to the nominal at higher angles from the inlet 
centerline.  At the 55° IGV flap angle, the maximum RPF level moved to the 30° 
inlet angle. 

^.4.6.5 Conclusions 

From the above results it is seen that significant PNL suppression may be 
achieved by increasing the IGV angle. However, as the IGV angle was increased 
beyond the nominal value, fan performance was severely degraded. 

For the cylindrical baseline Inlet tested in this program, the noise level 
at approach on the 200' sideline is 120 PNdB.  By operating the fan at the 
1524 ft/sec tip speed with the IGV angle at 55°, the noise level would be 
approximately 114 PNdB. This technique would then provide a noise reduction 
of 6 APNdB at approach.  The fan performance at this IGV angle is sufficient 
for approach.  Of course, by operating the fan at these conditions, there 
would be a significant reduction in engine efficiency which would increase the 
total fuel consumption for a given mission.  In addition, a noise suppression 
technique for the take-off condition would still be required.  Considering 
this and the compromises required for the limited suppression obtained, the 
high Mach IGV technique for SST compressor noise suppression does not 

seem practical, particularly in view of the higher suppressions with practi- 
cally no penalty associated with the hybrid inlet. 

4.4.6.6 Summary 

1. Significant PNL suppression was obtained (9 PNdB maximum) by increasing 
the angle ot the IGV's and holding the fan speed constant. 

2. As the IGV angle Increases, the fan performance decreases. 

3. This technique of compressor noise suppression appears to have little 
pracrical value for an SST engine. 
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SECTION 5.0 

AIRCRAFT SYSTEM INTEGRATION 

5.1  INTRODUCTION AND BACKGROUND 

The aircraft systems integration studies were conducted to investigate 
the combined effects of the individual component noise sources in a typical 
supersonic transport aircraft engine system.  The systems integration effort 
was coordinated with the preliminary design engineering work conducted under 
the NASA-Lewis Advanced Super^-nic Technology Propulsion System Study (Contract 
No. NAS3-16950).  Several types of engine cycles were investigated under the 
NASA-Lewis program including dry and augmented bypass turbojets, duct-burning 
turbofans, mixed-flow augmented turbofans, and variable cycle engines. 

The system integration studies presented herein utilize the low bypass, 
mixed-flow turbojet cycle which, along with the duct-burning turbofan engine, 
appeared to be the most acceptable from the conventional engine category. 

A discussion of the mechanical consideraUon& for the design and implemen- 
tation of a "typical" multichute/annular plug nozzle exhaust suppreseor 
system is presented also, along with a brief comparison of the advantages and 
disadvantages of a treated conical ejector system.  Some practical aspects 
of incorporating turbomachinery suppression also are addressed. 

The procedure employed to estimate the EPNL used static SPL spectra 
obtained from the individual noise component tests (jet, turbine, and compres- 
sor). Results of the system evaluation represent current acoustic technology 
combined with the most favorable trades from an aerodynamic and mechanical 
viewpoint. The in-flight noise evaluation of unsuppressed and suppressed 
aircraft engine systems is presented in terms of EPNL at the FAR-part 36 
monitoring points and in terms of the area of noise footprints. 

5. 2 AIRCRAFT/ENGINE SYSTEM SELECTION 

llie aircraft and engine system utilized in the integration study was 
drawn from the aforementioned preliminary design engineering work conducted 
under the NASA-Lewis AST Study.  The baseline airplane is of arrow wing 
planform with a tail.  It has four engines in axisymmetric nacelles mounted 
under the wing at the trailing edge. The wing has leading and trailing edge 
flaps. The payload is 292 passengers totaling 61,030 pounds. The cruise 
speed of the airplane is a Mach number of 2.4 at altitudes greater than 
53,400 feet. The airframe is constructed from titanium and its take-off gross 
weight (TOGW) is about 900,000 pounds. 

In reality, many detailed and involved considerations are necessary in 
selecting an engine cycle for a supersonic aircraft system. The objective 

672 

—— 



Is   to strike  the  right balance between  the  two driving  forces  of economics 
and environmental  impact.     For the purposes  of  the  systems  integration study 
a  low-bypass,  mixed-flow  turbojet was selected.     This  engine served as  the     ' 
baseline  for comparison  of other engines  studies  in  the  NASA-Lewis  study. 
It was selected because it,   along with the duct-burning turbofan engine,' 
appeared  to be  the most  acceptable  from the  conventional  engine  categoiy 
The  engine  cycle was based on a design low pressure  compressor pressure  ratio 
of  4  to 1,   a bypass  ratio  of 0.43,  and an overall pressure  ratio of  22.5.     It 
had a mixed-flow exhaust system where all the airflow could be mixed a^d' 
reheated up to 1900°  F average  temperature.    At  these design point conditions 
the  ideal jet velocity was  2500  ft/sec.     This basic  engine had a design 
corrected  flow of  1045  lb/sec.     The englne/airframe  combination results  in  an 
all-supersonic range of just over 3400 nautical miles with a full payload of 
292  passengers  and enough  fuel  reserve to meet  the  divert  and hold require- 
ments.     This  range  is  quite  adequate for flights between  the eastern seaboard 
of  the  United States  and Western Europe.     One  of  the  primary purposes  of  the 
systems integration effort was  to add a practical aspect  to the technology 
developed in the  current program by assessing the practicality of applying 
the  technology and assessing the current state-of-the-art noise levels  for 
the  realistic and economically feasible SST system. 

5.3    SYSTEM INTEGRATION OF NOISE TEQIN0L0GY 

5.3.1    Jet Noise Technology 

5.3.1.1    Mechanical Feasibility of the Jet Suppressor 

Annular/Plug Suppressor Nozzle Description 

The  translating shroud annular nozzle is particularly attractive  for SST 
engines requiring jet sound suppressors and reversers.     In addition to having 
high supersonic and subsonic performance,  it has many desirable mechanical 
features.    The plug assembly provides a convenient space  for housing a retract- 
able jet noise suppressor.     The translating shroud  can withstand the high 
internal pressures  imposed by the subsonic flow to  the  chutes during the 
sound suppression mode.    A cascade-type thrust  reverser may be incorporated 
with minor increase In nozzle diameter.    The nozzle  is  adaptable to single- 
flow, mixed-bypass-flow,  and double-bypass-flow engine  configurations. 

A translating shroud annular nozzle with chute suppressors is shown in 
Figure 536.    A significant  feature of this nozzle  is  the  fixed diameter, 
translating A9 shroud.    With no flaps and seals  required  for shroud diameter 
modulation there will be little overboard leakage.     Translation of the shroud 
establishes  the internal A9/A8 ratio for best performance at any particular 
operational Mach number,   altitude and power setting.     During suppressed 
operation the shroud is  extended aft to engage with  the suppressor chutes 
forming the duct  for the exhaust airflow to the  throat which is at the chute 
trailing edges.     In this  mode the high internal pressures  cause only hoop 
stresses in the  cylindrical shroud which results  in a light design in compari- 
son to a flap and seal  type of A9 control.    The  throat area  (A8)  is 
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varied by modulating the plug diameter through the operation of flaps and 
seals.  During suppressed operation the flaps are positioned for maxinun flov 
area to effect about Mach 0.5 flow.  This minimizes diffusion losses to the 
chutes. 

The thrust reverser is of the cascade type sized for 180 degrees discharge. 
This arrangement allows the required flexibility in discharge pattern to meet 
aircraft installation requirements and prevent inlet reingestion problems.  For 
reverser operation, the annular shroud, reverser inner cover, and reverser outer 
cover are translated aft to expose the fixed-position cascades.  No separate 
Blockoi ioors are required.  The A8 flaps close against the translated reverser 
inner  over to form the blocker.  Since the annular shroud is already in the 
aft position during suppressed operation, transition to reverse can be made 
during the suppressed mode (as well as the unsuppressed mode) without se- 
quencing the movement of the suppressor chutes or cover door.  This reduces 
the time to go to reverse operation. 

The jet noise suppressor shown on this nozzle consists of 32 vee-section 
chutes which, when deployed, are positioned radially between the plug surface 
and the aft edge of the extended shroud.  The aft edge of the shroud is ser- 
rated to conform to the vee-section shape of the outer edges of the chute. 
This permits ambient air ventilation of the chutes while containing the internal 
gas flow between chutes to the throat at the aft end of the chutes.  To stow 
the chutes, the plug cover flaps and seals are moved forward, then the chutes 
are rotated forward Into the plug cavity. The chutes rotate forward so that 
the widest part of the chute is stowed inside the largest available plug dia- 
meter. When the chutes are In the stowed position, the plug cover flaps and 
seals are moved aft, again, to provide a smooth plug profile. A feature of 
the chute design is that the chute pivot is located radially inward from the 
chute outer aft edge so that either the chute or the annular shroud can be 
moved to and from the suppressed position independently.  The weight of each 
suppressor is approximately 1500 lbs for the 1045 lbs/sec weight flow engine 
employed in this study, making a total of 6000 lbs for the four-engine aircraft. 

Ejector Shrouds 

Use of an ejector similar to that tested on the J79 suppressor demonstrator 
(Section 3.4.3) would add considerable weight to the exhaust system (about 
800 lbs), add complexity, and cause a maximum diameter increase.  The diameter 
increase for the stowed ejector shroud would cause additional drag throughout 
the unsuppressed mission.  The complexity results from the shroud having to 
be translated about 9 feet from the stowed position to the deployed position 
and from the shroud having to increase in diameter and change slope in the 
stowed position. To do this, the shroud would have to be a set of flaps and 
seals.  Therefore, since large suppression gains were not made during the 
demonstrator tests, the ejector shroud was not recommended for use with the 
integrated system. 
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5.3.1.2    Aeroacouatlc Performance Trades 

The  jet suppressor system selected  for  incorporation into  the  aircraft/ 
engine  systems  phase of  this  program exhibited a good  trade between PNL 
suppression and  thrust  loss   (Figure  537)   resulting in a design point 
APNL/ACf    of greater than 2.1.     The peak PNL suppression relative  to 
an  unsuppressed  conical nozzle  is based on static test  conditions  of 
Vj   x  2500  ft/sec and ?TQ/?0 ^  3.0  at  the  2128-ft sideline  and  assumes no change 
in  suppression due  to  flight  effects.     The  thrust  loss  relative  to an un- 
suppressed annular plug nozzle   (Cf    = 0.981)  is based on wind  tunnel data at 
a  freestream Mach number of 0.36  and nozzle pressure ratio  of PT8/P    ^  3.0 
(Flight  effects on PNL suppression are not as yet    well determined,0but an 
indication of the relative velocity influence is found in Section 5.4.2). 

This  attractive trade  combines  a reasonable level of suppression  (12 PNdB 
at M0 - 0) with good aerodynamic wind-on performance  (0.92A at MQ = 0.36)  and 
mechanical   feasibility in a jet exhaust  suppression system  for application  to 
advanced  technology engines. 

5.3.2     Turbomachinery Noise  Technology 

5.3.2.1 Turbine Noise Reduction 

Turbine noise reduction was  investigated in this program using a YJ85 
engine.     Both  turbine second-stage  spacing  (blade-vane)   and  exhaust  duct 
treatment were  determined to be  useful ways of reducing turbine noise  in  the 
far  field.     In applying this  technology to an SST engine system,   considera- 
tion was  given to how much  turbine noise suppression would be  required to 
be   compatible with current FAR-part 36 noise regulations  for turbojet engines. 
Considering that  turbine noise would likely be a factor only at approach 
conditions  and large suppressions would probably not be required,   it  followed 
that  spacing the turbine should be sufficient.    That is,  there was no benefit 
to be  gained in  trying to reduce turbine noise below the noise  floor defined 
by  other eng.ne components.     Turbine spacing by itself has  associated with it 
a  rather mii.-r penalty.    Thus,   the suppression due to spacing only was used 
in   the  system noise evaluation. 

5.3.2.2 Compressor Noise Reduction 

The hybrid inlet approach  to compressor noise reduction is particularly 
suited  to a supersonic transport system.   (Section 4.2.3).     The hybrid inlet 
uses both airflow acceleration and wall acoustic treatment  to achieve sup- 
pression.     The airflow acceleration is  limited in terms of inlet  throat Mach 
number  to avoid the performance problems   (such as poor total-pressure 
recovery and high-pressure distortion)  normally associated with hard choking 
the  inlet  to obtain suppression.     Figure 538 shows the trend of pressure 
recovery with  throat Mach number obtained during the hybrid inlet  test with 
the  inlet  in the take-off position.     The  rapid degradation in performance 
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beyond the selected operating throat Mach number Is obvious.  Since high throat 
Mach numbers (0 72 < Mth < 0.80) do not provide as much suppression as choking 
Ulth " 1.Ü), wall treatment is provided for additional suppression.  The air- 
plane chosen for the system integration study had a translating centerbody 
axisymmetric mixed-compression inlet, quite similar to the hybrid inlet tested 
for compressor noise reduction (Section A.4).  In addition, the airplane would 
require a variable area nozzle and an inlet airflow control system.  With these 
features, It would be possible and practical to set the desired throat Mach 
number at any noise measurement point without any added penalty due to mechani- 
cal system complexity.  Thus, the only significant penalty associated with 
the hybrid inlet is the added weight and cost of the wall acoustic treatment, 
which could be reduced by using the treatment as a load-carrying structure. 

Thus it is seen that the hybrid inlet suppression device is a very 
practical approach to SST engine compressor noise control.  The compressor 
and inlet system studied in the technology portion of the program a-e 
essentially identical to those selected for the systems integration study 
and thus, the test data have been applied directly in the system noise 
evaluation, after making certain necessary adjustments which are discussed. 

5.4 DESCRIPTION OF FLYOVER NOISE ESTIMATION METHODS 

5.4.1 Ground Rules 

In order to make the system noise evaluation as realistic as possible 
certain ground rules were followed in determining the flyover noise.  These 
ground rules were set by predicted operation of the airframe/engine system 
with standard FAA operating procedures used as the basis. 

Specifically, the engine operating conditions (or thrust) are set to meet 
a balanced field length (Bfl). A "balance" is obtained between the critical 
distance for engine failure for two cases. First, when the pilot elects to 
proceed down the runway and can clear the obstacle and, second, when he elects 
to abort and can stop at the obstacle.  Thus, the thrus'. is a function of the 
m-ground-effect aerodynamic characteristics of the airplane and the peo- 
graphical facts of the airport. The resulting take-off thrust for the system 
considered was 61,400 pounds per engine. 

The three noise measuring points for the current FAR-Part 36 regulation 
on subsonic aircraft are depicted in Figure 539. There are two regulatory 
noise levels at takeoff. The first is sideline noise measured along a line 
parallel to, but displaced 0.35 n mi (2128 ft) to either side of the flight 
path projection along the ground for a four-engine aircraft.  The point at 
which the noise reaches a peak along this line is the regulation point 
Secondly, the take-off noise (sometimes called community) is measured directly 
under the flight path at 3.5 n ml from brake release. At approach the regu- 
latory noise level is measured at 1 n mi from the runway threshold.  Regula- 
tion noise limits are a function of TOGW and, for the airplane used in the 
study, are currently 108 EPNdB at all three measuring points. Nclse footprint 
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the  reduction in aol« b^ J^Sf IhUlSC^ ^^  ^ 1S  0btalned whe" 
level is practically equL to that at Uf^ff^tr/ ^^^    ^ thrust 

required for the balanced fleH length * h mU8t be at lea8t  that 

The  thrust  at  approach  is  about  one  quarter of  i*-  ^ 
since the airplane weight  is down to the order of its Ln^"/^ take0ff' 
airplane is sinking rather than cHmMn!      *! mpty Wei8ht and the 
is normally kept wide open    Xs\f H ^    * aPProach.   the nozzle area 
order  to minimize  spooüup'tiS in thfT     r ^^ high e^ine  ^ in 
Aerodynamlcally practical iet  noise «. ^"v*  go-around is  required. 
nozzle  area devices  and    as  such    areT"88?"   ^   far haVe been  flxed 

at  approach.     In SÄrÄf-ILi^^nS.^^ *** **** for hi^ rpm 
ineffective at approach  let velocltw      ^  1    ,       oppressor is normally 

suppressor has be'e'n stowed at aPP Ja":  the" Tel MIIH*^*^'*  the Jet 

the  lowest Jet velocity  for the'required thr^t ^d to be"      ^ OPened t0 8et 

need for short engine spool-up time      TM*  l™ .   .      ?        consistent with  the 

noise to near or Llow 'the Z^cK^^JVlolT    ' ^ ^^ ^ 

'H> 8 
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The monitoring point geometry, using the criteria discussed above  Is 
summarized in Figure 539 for the airplane/engine system selec ed for the 
systems noise evaluation.  The resulting altitude at the sideUne poiU is 
1110 feet which gives an acoustic range of 2400 feet.  Power cutback L 

^Islrf^ll^Tn  M)311 Shut ^ 186? feet.at the —^adtiity 
operating8 ^ti^ usfd^n ^^^^^1^!^^:"t/enßlne 

5'4-2 EPNL Calculation Method 

The method used for predicting noise of the selected SST system utilized 
component test data (SPL versus frequency) obtained in the currln progrim 

scaled ^r "I60'6.' at' ^ adJUSted t0' the ProPer operating conditLs' 
scaled to the selected engine size and frequency range/and flown using a 
flyover noise computer program. Within this program! suitable cor^ctLns 
were made for such acoustic effects as extra ground attenuation (EGI) 
Doppler frequency shift, relative velocity effects (VR). an^na^lf Effect. 

noise^fJr^^r ^ ^ rth0d iS Pr0Vided in F±^re  540-  S"^ model jet 

-^^^^'^^^ trr —d" - 
dominant source) so the effect of suppressing ^^^"0^^^. 

n RT ^L SUpPref ions d^ to the hybrid inlet were obtained at the 0 78 and 
0 81 throat Mach number condition for the inlet in the approach and take-o« 
(blow-in-door 81% nominal setting) configurations, respectively.  The suppres- 
sions then were applied to the measured ^suppressed baseline ^vels at the 
appropriate Rotor 1 tip speeds for each condition, as determined byVe engine 
cycle selected for the systems integration study.* The 81% nominal bWindoor 
configuration was selected because it was the only setting which operated as 
designed aerodynamlcally and because it resulted in somewhat lowe^noise 
levels than the other two positions tested.  The blow-in-doors were assumed 
to be open for the community cutback operating point as well as for s deUne 
The low pressure turbine for the low-bypass ratio turbojet turbine selected 
for the study was considerably different in terms of loading and geometry 
relative to the J85 high pressure turbine tested in this program.  For this 
reason an empirical turbine noise prediction developed in the C^e Engine 
Noise Control Program (Reference 29) was used to estimate the unsuppressed 
turbine noise  This method utilizes the stage pressure ratio, the Made 
relative velocities into the turbine blades, the blade tip speeds the tnrMn. 
stage exit area, and the spacing between bUde rows  ^e'nolse evel^ or 
each stage are computed separately and then summed to give the turbine noise 
spectra  Suppressed turbine spectra were obtained by applying the ASPL's 
measured due to spacing from the J85 tests to the predicted unsup^resled 

681 

WHK   ' 



Table 23.  MonitorinR Point Definition and Conditions. 

Conditions 
Takeoff 
(Sideline) 

Community 
(Cutback) Approach 

Aircraft 

• Altitude - ft 1110 1860 370 
• Sideline Distance - ft 2128 0 0 
• Acoustic Range - ft 2400 1860 370 
• Approximate Flight Speed 

Mach Number .328 .328 .221 

• Flight Path Angle - degrees 9.0 2.5 -3 
• Angle of Attack - degrees 6.5 6.7 12 

Engine 

• Nozzle Pressure Ratio 3.33 2.47 1.24 
• Nozzle Exit Temperature - 0 R 1630 1330 1040 
•  Jet Velocity - ft/sec 2400 1900 970 

■ 

• Turbine Tip Speedt - ft/sec 1310 1162 1110 
• Turbine Pressure Ratio (overall) 6.03 5.83 7.10 
• Compressor Tip Speed* 1560 1435 1369 
• Compressor Pressure Ratio 3.54 2.79 2.20 

i 

• Engine Airflow 1045 870 795 
• Engine Thrust 61,400 35,000 15,000 
• Bypass Ratio .709    | .823 1.122 

t Second-stage low pressure tur bine blade 

*  Rotor 1 
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coTnpleteness.    lEe ^e^d of Referent 2Q 'r'61"8 Inte8ratlon Study for 
noise;   the overall power level 0?^      \        ^ t0 PredlCt  the "»bustor «AA power level of the combustor as defined  therein is: 

OAPWL =  20  log 
10 

where, 

[VT (I4 - V   (P3/P0)] + K 

w 

T, 

air weight  flow through combustor 

combustor exit  temperature 

combustor inlet temperature 

combustor Inlet density 

reference density  (ambient) 

and where, 

K = 64 for turbojet engines 

K » 56 for turboshaft engines 

K = 48 for high bypass turbofan engines 

a^SoTTf ^t^sAf rr." rdifference -the —e 
more combustor noise attenuation  ^      uT      ^  tyveS'     th%t  is*  the« i« 
stages,  and the number of turbine ^8    .       tUrbine ** yOU lncrease turbine 
turboshafts  to tuTofln engines      For'the l^T68 80ln8 ^ ^^  to 
as  the Systems InS^SÄ •^»fVSlÄ^^^ en8ine SeleCt;ed 

the  lower bypass ratio was assuLd^o result in /no    = ^ ^^ed.     Ibat is. 
6 dB relative to high bypass  turtofans      Sis typeTa älTfl ^"^ 0f 

witnessed in the low bvnass   TTfin onZ<„ Z      yP a dlfference was 
bypass  JT8D engine combustor noise data,   for example. 

The  component  test data were scaloH -in «-Q,.™„    c r 
full-scale blade passing freq^ncv for ^    K      °f/«quency to match the 

sor and turbine)  L on'noz^rdiLter rat o" foTthe ^ ^TT^   (COm*Te8- 
noise levels were scaled bv 10  loa!«    P lu        5 5      e iet nolse data-    Absolute 
scale model and full size engLe810 ^ "^  ^ rati0 betWeen the 

The data (unsuppressed and suppressed)  obtained  fmn, «f-.^-. J  , 
component tests and previously corseted to frle-flfld conH^J ^ ^ 
Section 3.4) were corrected to standard dlv (77° I MI ^f w^^ 
conditions prior to scallncr hv  f^ ?1*    1       *  70% relative humidity) 
tances were'made usingWrse slu^TlL      ^^    E^^ol^ons  for dis- 
extra ground attenua^on IEG" ^i^h      n^T*^  ^ P 866)'  and 

were  further adjusted for flieht Pff^.!^* u^**,   corrected  full-scale data 
the  Doppler shift!    For  the nSno«  of !JhiCh inCluded dynamic effects  «^ 

and en L shielding^ffets^rL^r      LL" n^o8^ ^ZtXlT^ 
assumed average values at peak angles      A +1 0 S LÜ-JÜ * 8ed 0n 

the free-fleld co„p„„enc ^ ,t J&«t äu «^STSS M^ " 
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applied  to both cutback and approach  conditions   to simulate  the   in-flight 
influence  of  these  factors.     The  amount  of adjustment  for  the soft  ground 
reflection and engine shielding corrections was  assumed  to be  applied  eauallv 
to both   the PNL and EPNL values. 

Jet  relative velocity effects were applied using the  results  of the 
latest  General Electric studies which provide correlations   of  existing data 
on  suppressed and unsuppressed nozzles.     Comparisons  of  results with similar 
correlations   (References  52 -  55)   show similar trends.     In  the  case  of  the 
suppressor nozzles,   there was  limited  flight  data available   (none  at  takeoff) 
at   the  conditions of interest in  this  study  to give  a complete  understanding 
of  the   relative velocity influence  on suppression.     There was  sufficient  infor- 
mation  available, however,   to  indicate  the dynamic effect  on  the  static data 
The  method used to adjust  the  static data to  flight  included  applying  the 
full  dynamic effect  at  all  jet  velocities with no VR effect  at  takeoff    but 
one-half of  the VR effect  for  the GE  unsuppressed conical nozzle  applied to 
the suppressor at cutback.     It should be noted that no correction  for inlet 
flight  effect   (clean-up) was  employed.     Shock tones  apparent  in  the 
unsuppressed  conical convergent nozzle  SPL spectra at  the   take-off  condition 
were smoothed to reflect,  as near as possible,  the normal  operation with 
typical  convergent-divergent  exhaust nozzles.     No corrections  for  the broad- 
band shock noise contribution were made.     Similarly, no corrections  for shock 
noise were made to the suppressed data,  since the influence   (if any) was 
primarily broadband. 

The EPNL calculation was performed according to the FAR-Part  36  regu- 
lation with  an integration time  interval  of At = 0.5  sec.     Depending on which 
flight   condition was being evaluated for noise,  certain  component EPNL's were 
calculated separately to determine  their contribution to overall system noise 

5.4.3    Noise Footprint Calculating Procedure 

Aircraft noise contours,  or footprints, were determined using an EPNL 
decay  rate with range  for the  given aircraft at approach and  takeoff,  and the 
aircraft  flight path.    The EPNL attenuation rate with range used in this 
study was based on actual  flyover data from JT8D powered aircraft obtained from 
published reports.    The JT8D was selected due to its similarity in component 
contribution to system noise as  compared to the  SST engine selected  for study. 

In  determining the x and y  coordinates of  the  contour,   the  range  associ- 
ated with  the EPNL of interest was  determined from the EPNL versus  range 
curve.     This  distance was   then adjusted  for EGA and engine shielding effects 
using the sight angle between the engine and the observer.     The sight angle 
was  determined based on aircraft altitude with distance down  the runway 
(from the  flight path)  and distance  to the side.    An iterative process was 
used  to determine the actual side   (y)   coordinate distance for each x chosen. 
Areas were determined by dividing the contour into segments  at Intervals of 
x and,  using the average  y distance,  calculating the area of each segment. 
These areas were then summed to arrive at  the total area. 
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I 5.5     OVERALL SYSTEM AND COMPONENT NOISE EVALUATION 

5.5.1    Component Noise Results 

h.l„ H
3
?  

0J  the
u

major engine noise components was evaluated separately to 
help determine the contribution  to overall engine noise at  the L^Part  36 
monxtoring points ana  flight conditions.     Tesl data obtained  frof static 
component   tests were used  for  the basic  input.     Figures  541    542     and  543 
show  the   full-scale static PNLT  (tone corrected)  distributions of  the  coi 
ponent noise sources  for the  four-engine aircraft at  the  take-off    comity 
and approach conditions,  respectively.     These data Include adjust^nt^r 
.oft  ground and contain no EGA correction.    TT.e data were process^ through 
the   flyover noise prediction procedure to obtain estimated EPNL values 

For  the sideline and community points,  the jet noise was estimated both 
forX6:5 ^PP-ssed. while  the turbomachinery noise was ca"u!ated 
for  the suppressed case only.    At  the approach condition,  the  turbine and 
compressor noise was determined both suppressed and unsuipressed^while Jet 
noise was  calculated only for the unsuppressed case   (jet suppressor stLed 
at approach).    A comparison was done to determine each component's  conm- 
bution  to the system noise at each condition. ^ponent s  contrl 

A comparison of EPNL components  contribution to the system noise was 
done at each condition.    A summary of the results is presented In Table 24 
in  terms of nuaximum PNLT at the  forward and aft angles and component EPNL 

at    he'sldei?3'' 1 ^'f'  ^ Jet l8 by '" the domlnant ^ise  coipon^nt 
*L  .    I        IT ^ COTmm±ty conditions.    The difference between the Ut 
and    urbomachlnery noise at the take-off/sideline condition is so great    hat 
the  turbomachinery components make no contribution to system noise  at  all 
The combustor also has little or no effect on the overall system noise at  this 
condition      Similarly,  at the cutback community condition. S.^^cJL« 

^h  ch  ^dH " f? ne8li«ible *™^  *** the compressor at  the fo^wa^ ^g!e^ 
which  adds  a small amount to the system noise as does  the  combustor in Sf 
forward  and  aft angles.     The jet suppressor Is seen to result  In about 9  2 
PNdB suppression in the maximum forward angle and 10.5 PNdB at  the ^xiLm 
aft angles,   resulting in approximately 8.2 EPNdB suppression for  thHldenne 

'^^•o  «l^OB8a,mlt3r»  the  forward an8le suppression for the jet  is  5 itml 
this  ;    d?M   ^ ^ "^r aft an8le8'  8i^n8 about 6.2 EPNdB sulprlssion at 
^IVdoMnaS)  IseiLt ^ ^ ^ take-0ff and CUtbaCk ^™«tl 

For the  approach condition,  the unsuppressed noise is dominated by  the 
compressor in the forward angles   (~40»).    With turbomachinery suppression 

bined^ff T^ n.0lSe  ^  ^ ,naXi,nU,n aft  an8le8  ls  influenced bfthe  com- 
bined effects of the unsuppressed jet and combustor noise in addition to the! 
noise of the suppressed turbine.    The suppressed compressor remains L  the (^ 
dominant source in the maximum forward angles. X 
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60 80 100        120 

Acoustic Angle, degrees from Inlet 
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Figure 541.    300-foot Sideline Static PNLT Directivity for Component 
Noise Sources at Takeoff. 
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Figure 542.  300-foot Sideline Static PNLT Directivity for Component 
Noise Sources at Cutback. 
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• 1045 lb/sec Design Flow (Full-Scale) 

• No EGA 

• No Engine  Shieldi'ig 
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Figure 543.     300-foot Sideline Static PNLT Directivity  for Component 
Noise Sources at Approach. 
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Table 24.     Component Noise Summary. 

A-Englne Aircraft  (TOGW=900,000  lbs) 
Take-off Thrust = 61,400  lbs/engine 
Altitude at Community = 1860  ft 
Approach Thrust \ 15,000 lbs/engine 
Includes Adjustments  for Soft Ground 
and Engine Shielding 

PNLT 
Engine at 

Monitoring Noise Max. Fwd 
Point Component Angle^40o 

Sideline Jet-Suppressed 104.1 
(Take-off) Jet-Unsuppressed 113.3 
0.35 n ml SL Core-Unsuppressed 

Compressor- 
89.1 

Suppressed 80.2 
Turbine- 

Suppressed 66.2 

Community Jet-Suppressed 103.3 
(Cutback) Jet-Unsuppressed 108.7 
1860 ft Alt Core-Unsuppressed 

CoTTiTiressor- 
88.3 

Suppressed 91.2 
Turbine- 

Suppressed 73.3 

Approach Jet-Unsuppressed 94.0 
1 n mi Core-Unsuppressed 92.4 
370 ft Alt Compressor- 

Suppressed 107.8 
Compressor- 

Unsuppressed 126.5 
Turbine- 

Suppressed 82.7 
Turbine- 

Unsuppressed 85.1 

PNLT 
at 

Max. Aft 
Angle'vl20o EPNL 

110.0 110.9 
120.5 119.1 
96.2 94.9 

67.3 77.0 

79.1 77.0 

109.1 107.5 
115.0 113.7 
95.6 92.7 

72.2 87.8 

85.2 81.8 

104.0 98.2 
106.0 97.4 

89.0 101.8 

108.0 119.8 

100.3 92.2 

104.4 95.6 
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Tlie  engine  component  contributions  to  the  overall system EPNL at   the 
three  flight  conditions  of  takeoff,   cutback  and  approach are  illustrated  in 
Figures  544,  545,   and 546.     Shown in each   figure  are  the PNLT directivities 
for  the  total  system and similarly,   for each engine  noise source  consisting  of 
the jet,   turbine,   combustor,  and compressor. 

The  total  system noise  for tikeoff and cutback  is  dominated by  the  jet 
in both  unsuppressed and suppressed versions  of  the  system as shown in 
Figures  544  and  545,   respectively.     At  takeoff,   the  suppressed  turbomachinery 
is  24  to  30  dB below  the  suppressed jet.     The  unsuppressed  combustor noise 
is also greater than 10 dB below the jet,   and hence does not influence  the 
overall noise level.     A similar situation exists  at cutback for all components 
except  that,   at  the  forward angles   (<60o), both  the  unsuppressed  combustor and 
suppressed^compressor  influence the system noise, while  in the  aft  quadrant 
(120 -  130°)   the  combustor noise has  a slight  effect  on  the  total system. 
The  difference between the  total suppressed system EPNL and the suppressed   -et 
alone  is  only 0.3 EPNdB. 

For the approach  condition (Figure 546),   the unsuppressed jet and com- 
bustor noise appear to combine with the suppressed  compressor noise  to  achieve 
the suppressed  system noise level of  106.5  EPNdB.     The suppressed  turbine 
also contributes  to the overall noise, but to a lesser extent.    The unsup- 
pressed system  (which  includes  all components  unsuppret-ded)  is  13.7 EPNdB 
higher than the suppressed system. 

In order to examine the contributions  to system noise in greater detail, 
component spectral comparisons at maximum forward and aft angles are presented 
for takeoff  (sideline)   and approach in Figures  547 and 548,  respectively. 
Again it  is  seen  that  the suppressed jet  is  the  only significant  contributor 
to the system noise at  takeoff for both forward and aft angles.     In the mid- 
frequency range,   the compressor contribution is minimal at the f*»"    .d angle, 
as is  the combustor at  the aft angles.    At the approach conditl-.a   (Figure  548), 
the situation is  somewhat more complex.    At the maximum forward angle,   the 
unsuppressed jet dominates  the low frequtncy noise,  the unsuppressed combustor 
controls  the mid-frequency noise from abott 300  to 1250 Hz, and the suppressed 
compressor controls  the high  frequency noi^c   Trom 1250 Hz to 10 kHz.  Thus,   the, 
compressor is   the prime contributor to system noise  at the  forward angles   for 
the approach  condition.    At  the aft angles,  the situation is somewhat similar, 
but in this  case  the suppressed turbine dominates  the high  frequency noise 
(from 2500 Hz   to  10 kHz).     Also,  the  unsuppressed  conibustor makes  the most 
significant  contribution  to the system noise  at  the  aft angles.     Thus,   It  is 
seen that all of  the  components are Important as  regards noise at  the approach 
condition  (in particular,   the compressor and the combustor). 

Figure 549 illustrates the effect of turbomachinery suppression at 
approach  for both maximum forward  (compressor)   and aft angles  (turbine).    With 
compressor  (hybrid inlet)  suppression,  the spectra in the forward angles  are 
lower by 10-15 dB  across  the  frequency range, with  the high frequency BPF tone 
(2500 Hz)  and  2nd harmonic reduced by about 20 dB.     The turbine suppression at 
the aft angles'is not as significant, because only secoud-stage  (blade-vane) 
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• Four Engines 

• 1045 lb/sec Design Flow (Full Scale) 

• Engine Shielding and Soft Ground Effects Included 

• Take-off Thrust ■ 61400 Ibf/engine 
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60        80 100        120 
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Figure 544.    Component Contribution to EPNL at Takeoff. 
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Figure 545. Component Contributions to EPNL at Cutback. 
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Figure 546. Component Contributions to EPNL at Approach. 
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sÄaTr freuen °btain "^ Pa8Sing freqUenCy t0ne -PP^sslon, althoueh some higher frequency suppression also resulted. 

5'5'2 System Flyover Noise Sunmary 

Table 25 summarizes the overall system predicted EPNL at the FAR-Part 36 
monitoring points based on current FAR-Part 36 noise regulations. Table 25 
tLss? C0inp*riS0n °f EPNL val"" for the FAR-Part 36 monitoring poifts for 
he SST configuration model. The operational procedures for aircraft of 
this type are for the jet suppressor to be deployed during take-off (sldellnp^ 
and cutback (community) conditions, while, atapproach. tLfet suppressor is 
stowed. The engine configuration In the comparison Included the jet co^- 

un'suprress'ed ^T  TT^8 ^ Were suPPressed "hlle the combistor was unsuppressed.  This model was used to estimate the EPNL's at sideline and 
community points.  For the approach point EPNL. the jet and combustor ^re 
unsuppressed while the compressor and turbine were suppressed. 

nn «ff C^ be Se!n fr0m the comPari80n of  the results tabulated for these 
configurations, the sideline noise, dominated by the jet. is the controUng 

SST coVf? theM
trade? ^-'art 36 EPNL mutation, d  a'traded EPNL basis! the 

turbo^t '^f n  th ^  SUPPre88ed (Jet and turbomachinery) low bypass 
level for «8h/^ eStlmated at FAR-Part 36 +1.1 using the current regulation 
level for subsonic transport aircraft. It should be noted that no design 
tolerance has been assumed. This result can be considered a measure of the 
current state of the art in SST noise reduction technology and indicates 
that such a system has the potential of meeting the current FAR-Part 36 noise 
requirements; although some additional work would be required. 

th. JLÜ aPP^f/^. lf turbomachinery suppression was not employed at 
Jno fPP ^ "I)ditlon. the traded FAR-Part 36 value would be even greater than 
109.1. This indicates the significance of suppressing the turbo^ch'iner" 

the SST'cwith'lO^0^9/0 'T "oi8* c°nt°urs ^ the suppressed version of 
the SST (with 1045 lb/sec design flow engines) was made with similar contours 
for present day unsuppressed narrow-bodied subsonic transports like the Douglas 
I^n J068 n0t

f
eTtZloy  f Power cutback. This system was selected for compar- 

ison because of the relatively low bypass ratio (ß^l) of the JT3D engine 
even though there is a large difference in engine thrust. Figure 55Ö sh^ws 
the take-off (with and without cutback) and approach footprint for the sup- 
pressed SST model, while the unsuppressed subsonic transport footprint' consist 
of approach and takeoff without cutback. tprincs consist 

For the take-off condition without cutback, the suppressed SST 90 EPNL 
footprint area is approximately 36% greater than that of the present day 
ZUJ?I!i8;  8ubsonic "arrowbodied aircraft. The region of Influence along 
the sideline is somewhat large for the SST in the take-off mode without cutback 

with" hat
Co :H ' ^ Sideli!;e area affeCted l8 reduced to be -ore -mpatlbir with that of the unsuppressed subsonic aircraft.  This indicates that the SST 

would not be significantly louder than current aircraft In the vicinity of 
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Table  25 .     Comparison of Overall Predicted EPNL 
with Current FAR-Part  36 Noise Regulations 

4-engine aircraft   (TOGW = 900,000 lb) 

Take-off thrust ■ 61,400 lb/engine 

Altitude at cutback = 1,860  ft 

Approach thrust = 15,000   lb/engine 

Monitoring 
Point 

Current ' 
FAR-Part 36 
Regulation 

Sideline 108 

Community 108 

Approach 108 

Traded FAR-Part 36 108 

Traded AEPNL 

Suppressed 
SST 
Configuration 

111.1 

107.8 

106.5 

109.1 

+1.1 
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the  airport.     Although  the  SST contour  (with  cutback)   extends some  75.000   ft 
further down the   flight path than the unsuppressed subsonic transport    this 
might not be of major significance if takeoff „as  performed over water. 

half of tw'Sr^? COnditlon'  the SST model contour was approximately one- 
tiait of  that of  the unsuppressed narrow-bodied  subsonic   transport. 

..„.  M  
suinmary»  an overall system noise evaluation was performed on a repre- 

sentative suppressed SST aircraft using low-bypass, mixed-flow turbojet engines 
Component noise  technology developed in this  program was  evaluated on \ flyover 
uasls.    Comparisons of component results and overall system results were Bade 
be ween suppressed and unsuppressed versions of the engines.     Sig^iflclnt 
gains in jet  and turbomachinery component suppression technology have been 
made as evidenced by  the results of this study.     The  traded EP^L for the 
integrated aircraft system was  1.1 EPNdB above  the  current FAR-Part  36 noise 
regulation levels  for subsonic transports.    Thl.  result  is primarily due  to 
the dominance of  the jet noise at takeoff and cutback,  even with jet 
suppression      In addition,  the influence of combustor noise  (along with the 

"«SrJSV^M    I" '^TJ ^ aPPr0aCh-     ^ X*«*1'1 for -etl^the current FAR-Part  36 noise regulation with this  type of suppressed SST system 
has been demonstrated,  although additional work would be necessary. 
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SECTION 6.0 

CONCLUSIONS 

descrSedTJh8 ll  t:he^ndivldual Noi^ Suppression Technology Task efforts 
described in the preceeding sections provide a number of conclusions along 

T. IZ^TtllTof needed technol08y that would enh— the ^°™- 

6.1  JET NOISE REDUCTION 

The jet noise reduction technology on mid-to-high velocity iets has led 
to the following observations and conclusions:        eiocity jets has led 

• The program has provided an acoustic and aerodynamic data bank on a 
number of advanced technology suppressor configurations, comple- 
menting the jet suppression data bank acquired during the SST program, 

• A number of unique suppression schemes was identified as having 
potentially high suppression benefit. Among these, are the over- 
the-wing asymmetric 2-D suppressed nozzle systems which appeared 
attractive from an aeroacoustic standpoint, but required a more 
comprehensive systems integration effort for implementation to 
advanced technology aircraft. 

• The multichute annular plug suppressor concept was developed into a 
viable system for advanced technology application as an outgrowth 

oressor   frSUlt! fTOm  the m0del  attd en8ine 32-deep-chute sup- pressor configurations. y 

• Acceptable model-to-engine acoustic scaling was demonstrated from 
the results of model and engine tests. 

• Although some of the suppressor systems evaluated in this program 
show promise of higher levels of suppression with acceptable aero- 
dynamic performance, considerably more development work complemented 

reauired^?    ^r 't  ^ jet ^ 8ene^ion mechanisms is 
required if current subsonic Federal Noise Regulations are to be 
met by advanced supersonic aircraft. 

• To more clearly understand in-flight effects on suppression and 

s6 're" !t "the'^f11 T"' m0del ^ ^«-^ suppressor 
^d-o^^co'sti^te'ItC1116 8UPPre880r COnfl8Urati0n Sh°^ -dergo 
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6.2  TURBOMACHINERY NOISE REDUCTION 

The turbomachinery noise reduction technologv work on * fh™. .* 
ow pressure compressor and a two-stage high prL^ur^ u bine ha 1 ^^ 
the following observations and conclusions: 

-   oTturbfr^H8 PrOVided ValUable informati^ on  the character 
engine cycles' COmpreSSOr n0ise for ^^  Possible future SST 

6   IZll™  ?,0iSe/K1
the far field i8 ^^cterized by modulated 

tones.  Two viable means of controlling turbine noise are: 
1)  increased vane-blade spacing, and 2)  acoustic treatment. 

• Further investigation of turbine noise is warranted, in view of 

co^p^n^^r^i^6 ^ the teChn0l08y f0r "^^ ^ ^  engine 

• The presence of inlet guide vanes and close spacing of the com- 

mr^nrT3 r868 COmpreSSOr noise t0 be tone dorn nn". This type of noise is particularly annoying and, thus the 
compressor can play an important role in overall SST   ?! 
especially at part-power conditions. "^ n01Se' 

• [he hybrid inlet is seen as a very practical and effective wav of 
limiting compressor noise propagation.  It utilizes the variable 

'        rL"uedei^rid
f
lnLet "lth aUXiUary lnletS «"""-in-doors) open 

path, further investigation is warrant-^H  rh^   A .•   ^^ 

^i^Tri^zii;suppres3i™ —^£«"-"- 
•   Generating high Mach numbers in the comnrw^r-  rru 

ZZ.VI*: rablerana o£ ■^••««n^r:?;. f"not 

■'onZlllJ^lllol™ Per£ormance penaltlas assocl"ed ^ 
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6 • 3 AIRCRAFT SYSTEMS INTEGRATION 

The results of the Aircraft System Integration study using the 
component noise suppression systems with low-bypass mixed-flow turbo- 
jet cycle engines lead to the following observations and conclusions: 

Significant gains in jet and turbomachinery component sup- 
pression technology have been made as a result of this program 
as demonstrated in the ,yStems integration work. 

• Current acoustic technology indicates that this type of 

application^r"^ En8ine SyStem haS the P^ential for viable 
FpEi« \     "' 0n a traded EPNL basis' ^ was only 1.1 
EPNdB above current FAR-Part 36 noise regulation levels for 
subsonic aircraft, 

• "Observations frort the 90-EPNL noise footprints in Figure 550 

h/s S: in V^ (suPr,Td) ^ a lar8er area i^l-ncing the sideline during takeoff without cutback than the unsup- 
l^lu "arrowbodied subsonic transport. But with cutback, 
the sideline area Is reduced to be more compatible with th^ 
sS^r^M ^""^ indicating ^hat the SST would not be 

It^tTX     than current "xcraft to th£ vlcInity 

% 
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APPENDIX A 

TEST FACILITIES 

A.1  AER0ACÜUST1C TEST FACILITIES 

The scale model tests and engine demonstrations performed during the 
DOT/FAA Phase II Program for the investigation of jet suppression and turbo- 
machinery noise reduction were conducted on several different facilities, 
located both in General Electric Aircraft Engine Group plants and at outside 
vendor locations. 

Acoustic suppression tests of scale model jet suppressor exhaust nozzles 
were conducted on the JENOTS hot-jet facility at the General Electric plant 
in Evendale, Ohio (discussed in Section A.2).  In-jet correlation measure- 
ments work performed at General Electric's Corporate Research and Develop- 
ment Centers Hot Jet Facility (Section A.3) in Schenectady, N.Y.  Turbo- 
machinery noise reduction investigations were conducted ir model engine 
size at General Electric's Peebles Proving Ground, Peebles, Ohio, on 
the acoustic facility site (discussed in Section A.4). Moderate and large 
size engine test demonstrations of turbomachinery noise reduction and jet 
noise suppression were conducted at General Electric's Edwards Flight Test 
Center, Edwards, California, on the static acoustic facility. North Site 
(discussed in Section A.5). 

Aerodynamic static and installed gross thrust measurements obtained for 
the jet suppressor systems were mad«, on model scale nozzles tested at both the 
FluiDyne Engineering Corporation's Medicine Lake Laboratories (Section A.6), 
located at Medicine Lake, Wisconsin, and at the NASA-Lewis Research Center's 
wind tunnel facilities in Cleveland, Ohio (Section A.7). 

The above facilities are discussed individually and in greater detail in 
the following sections of this appendix. A description of the test facility 
with the capabilities and limitations is included in each section. 

A.2  GENERAL ELECTRIC JENOTS SCALE MODEL ACOUSTIC TEST FACILITY 

The JENOTS (Jet Engine Noise Outdoor Test Stand) has been under continuous 
development since its establishment in the late 1950's for early turbojet 
noise and suppressor studies.  It is located at the north end of the Evendale, 
Ohio, General Electric plant remote from the main factory area or engine test 
cells. 

A.2.1 The Acoustic Arena 

A planform of the sound field is shown in Figure 551.  It consists of 15 
microphones arranged at 10° intervals around a 40-foot arc from 20° to 160° 
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centered at the nozzle discharge plane centerline.  The microphones are 
elevated 16 feet above the ground on specially designed "gooseneck" mounts 
to minimize the influence of reflections. 

The ground plane is composed of concrete to approximately a 20-foot 
radius from the nozzle exit, then crushed rock to a 40-foot radius.  A grassy 
field exists beyond the acoustic arena.  Specially designed acoustic barriers 
are located approximately 60 foot from the sound field to protect the neigh- 
boring community from the high sound levels.  These barriers are designed to 
prevent any measurable reflections back into the sound field.  On both the 
single-flow and dual-flow configurations, the nozzle centerline is 55 inches 
above the ground. 

Special microphone setups can also be employed.  One such special micro- 
phone setup is shown in Figure 552.  The arrangement of microphones consisted 
of an array of (15) microphones positioned at the 40-foot radius, 55-inch-high 
microphone stands in addition to the standard array of microphones on the 
DOT Phase II Program (40-spoke/40-chute suppressors. Section 3.2.2) to main- 
tain continuity with previous data taken with the 55-inch-high microphones 
during the SST program. 

A.2.2 Jet Facility 

The JENOTS facility is capable of operation either as a single or coannu- 
lar flow system, through interchangeable burner and acoustically treated plenum 
sections.  In the single-flow mode, for clean operation from low through highly 
supersonic jet velocities, the system consists of a preburner and afterburner 
capable of operating up to 6-lnch-diameter nozzles to pressure ratios of 4:1 
and temperatures of 3000° R.  In the coannular flow mode, the afterburner is 
replaced by an acoustically treated core/fan plenum chamber. The core flow 
is fed by the same pipe/preburner system that supplied the single jet facility 
and is capable of operating to 1600° R.  The fan flow is supplied from a 
separate cold flow system and is independently controlled from the core 
stream. 

A.2.3 Coannular Flow JENOTS Facility 

The JENOTS facility as a coannular rig is shown in Figure 553. Air for 
the primary and secondary streams is supplied from the Evendale central air 
supply system through lü-inch and 16-inch air lines respectively.  The plenum 
chamber, to which the test models are attached, is shown in Figure 554.  It 
serves a two-fold purpose: 1) gives the flow a uniform velocity profile, and 
2) eliminates any high frequency system noise through the use of acoustically 
treated baffles located in the secondary and primary streams. 

Flow conditions for the primary and secondary streams are controlled 
separately with the airflow being measured using an orifice plate system 
coupled with pressure and thermocouple rakes. 
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Flow conditions at the nozzle exit plane of the models are set through 
the use of total-pressure and total-temperature rakes located on the model. 
An alternate method, using static pressure taps at the nozzle exit plane 
and preburner exit temperature, is also available. 

The capability of the coannular facility is limited only by the baffle 
system inside the plenum and the air supply available.  The secondary stream 
will exhaust at ambient temperature while the primary stream may be heated to 
1600° R using the existing preburner system located in the primary air 
supply line ahead of the plenum chamber.  The range of conditions under which 
the facility operates is: 

Bypass Ratio 

Fan Temperature (" R) 

Core Temperature (0 R) 

Fan Pressure Ratio 

Core Pressure Ratio 

Fan Weight Flow (lb/sec) 

Core Weight Flow (lb/sec) 

0-15 

ambient 

amgient to 1600 

1.05 to 3.5 

1.05 to 4.0 

0-50 

0-30 

Various model configurations may be tested on the coannular facility. 
Both primary and secondary nozzle positions may be varied axially with the 
maximum displacement between exit planes being controlled by model size. 

A.2.4 Facility Data and Instrumentation 

Airflow 

For each test run, facility data consist of air flow, tunnel temperatures 
and pressures, cooling water temperatures and pressures, and meteorological 
data. 

Primary air flow is obtained with a Daniels 316SS, square-edge orifice 
5.000 inches in diameter on a pipe diameter of 10.020 inches with an orifice 
constant, ß = 0.499. Data taken are main air orifice temperatures and 
upstream pressure Pi, and main air orifice AP = (Pi - P2) . Airflow data are 
recorded on digital punched tape to be used for computation with a time- 
sharing program and a GE-635 computer. 

Secondary air flow (when specific tests require it) is measured with a 
square-edge Meriam 316SS orifice 1.250 inches in diameter on a 4.026-inch pipe 
with g = 0.310.  Pressures are obtained by 4-inch Daniels orifice flange 
static taps.  Data used to calculate air flow are upstream pressure, AP, and 
secondary air line temperature. 
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Tunnel Temperature 

In addition to the temperature readings taken to calculate primary and 
secondary air low eight Chromel-Alumel T/C probes are used to measure 
a terburner inlet Preburner discharge) Plane-5 temperatures. One of these 

rLLVZ* f J?,       PUt ut0 the Plane-5 aut0 ^mperature controller that 
regula es uel flow to the preburner. Another T/C is used as an input to 
the automatic pressure indicator (API) undertemperature and one for the 
over temperature trip-outs. 

Tunnel Pressures 

Static pressure measurements are made at the preburner inlet (Plane 3) 
afterburner inlet (Plane 5) and afterburner discharge (Plane 7)  ThesT 
measurements are made on a Wallace and Tiernan pressure gage in psia for 
"n"  V?^ 0perat0r,s lo8 ^eets, and are also dlgitfuy recorded  The 
sln^ n   C PreS8Ure iS USed t0 determine ^e ideal jet velocity for the single-flow systems. J 

alumef ?/?'V6' 0f f8^ water-cooled Iridium-Rhodium T/C's (or chromel- 
alumel T/C s) is used to measure flame tunnel (afterburner discharge) tem- 
perature at Plane 7. Two of these T/C's are used as inputs for the T7 auto 
temperature controller, which is used to maintain a preset temperature by 
adjusting afterburner local fuel flow.  The controller is used on test runs 
requiring the same Ty temperature for a number of readings as a means of 

the T^r T f0r Settin8 te8t POint8- 0ne T/C i8 u'ed a8 - Ct for the T7 API overtemperature trip-out. 

Meteprologlcal Data 

Readings are taken of the outside air temperature and pressure and 

^0bu?b r        V116 ^  Sheet ^ di8ital Punch taPe-  In addition, wet and dry bulb temperatures for relative humidity, wind speed in mph, and wind 

Ut^unTdlS!^ ^ ^ l08 Sheet8- ^ inf0rmati0n L used in — 

A.2.5 JENOTS Sound Field and Facility Acoustic Characteristics 

Hoc  ! 16-f°ot high microphone array on the 40-foot hemispherical arc was 
designed and implemented to minimize the effect of ground reflections on 
scale model data. By adjusting the path length from source (jet) to receiver 

hifTd' r.H10""011^ 16-f00t hei8ht)' ^e ground reflection pat er^ was 
shi ted to the very low frequency range. Thus, when the model Lta Tre 

are scaled ou TILT  nUl18 and Peak8 Pr0dUCed by the «round interference are scaled out of the frequency range of interest. 

| 
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on ,i ^ foT.   f croPhone array (used prior to the start of this program) 
on a 40-foot arc at nozzle centerline height produced the ground reflect™ 
indices of Figure 555 as shown in the spectra of Figure 556.  The reflection 
interference pattern is quite severe in the 5nn H. L^   K *t      reriection 
measured.  Figure 557 shL a typ^l^ar-fieH m-TZ'e llll^V^rZ" 
employxng the new microphone array.  The ground interference ha b en shif'd 
to the very low frequency range.  Consequently, when the model data are scaled 
to engine size,   the ground interference pattern will not be present. 

Several precautions have been taken to eliminate all extraneous noi^P 
pxpxng noise, etc.) emanating from the facility itself,  ^ere pos ible all 

axr supply lines are wrapped with acoustically absorbing material to Went 
Pipe noise from escaping through the walls o/the air supply Lnes  AlT 
elbows xn the air supply lines are packed with acoustically'absorbing material 
to minimize the generation of turning noise. aosoromg material 

levelf^FiLrTssr T' ** POSSlble ^^ ^or^reated  by ambient noise 
levels  Figure 558 shows a typical set of spectra for a conical nozzle 

otln^lZV  th6 Vel0City ran8e 0f 400 t0 1600 ft/sec-  Foi f je "eLcity 

? irpSjrrjv^s-^OOO ft/ ^^ "V1 j" velocLtfrCangieSohfTnVt:rrest1rnrly tnis program (Vj s > 1000 ft/sec), the ambient noise was not a factor. 

A.3 GENERAL ELECTRIC/CR&DC HOT JET NOISE FACILITY 

• The General Electric Company constructed a new outdoor test facilitv at 

Sch^S^.^TY:".116863"11 ^ DeVel0Pment ^ «^   ^^Z  " 

*„.! f6 "nire
u
COmh±nat±on  of capabilities that this outdoor facility offers 

A•3•1 The -constic Arena 

Acoustic suppression between combinations of elemental jet flows is 
quite small on a total-power basis and requires detailed azimuthal far-field 
measurements to allow the investigator to determine the relative importLci 
between different proposed suppression mechanisms.  In the CR&DC facilitv 

Lr f S?H H' 
Cally rPt "^ 0f microPhones is provided to survey J'' 

far-field directivity patterns of nonaxisymmetric nozzles or suppressor 
configurations.  Twelve 1/2" B&K Model 4133 microphones are useS and are 
attached to a traversing boom that pivots about the let axis  Th^. I? 

InZl ITV-3^  T^ f' I^^ at e ■ ^ - ^ - a^i6ran"r"- ending at 6 - 130 as shown in Figure 559. In order to not place any 
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• Microphone   15.9  ft Above  Ground 
• Nozzle Centerline  55  in    Above  Ground 
• V-j  ■   1000 ft/sec 

First Null 

J I I J 

Figure 556.     JENOTS Ground Reflection Pattern with Ground-Reflection- 
Free Microphone Array. 

•    Microphone at Nozzle  Centerline 

r 
)  dB 10  dB 

Vj  -   1820 ft/sec 
lie #% 

First 
Null 

J. -L J. JL J. X -L 
50 100 200 500 IK 2K 5K 

Frequency,  Hi, 

10K       20K 50K 

Figure 557.    JENOTS Ground Reflection Pattern with Microphone at Nozzle 
Centerline Height. 
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obstruction in the Jet plume, a large hoop is used to p'-nvide a centerless 
pivot on the downstream end of the microphone boom.  The boom can be moved 
to any azimuthal angle by the two overhead cables.  Since the paths traversed 
by the microphones are circular arcs centered on the jet axis, any deviation 
of the radiation patterns from axisymmetry can be easily detected.  To avoid 
long start-up and shut-down times due to intermittent weather, a hermetically 
sealed microphone holder was designed to allow permanent installation.  An 
additional benefit of this approach is that the electronic noise floor is 
easily measured when the microphones are covered. An acoustically treated 
surface is used to minimize the ground reflection effects. By using large 
sheets of acoustical foam, significant reduction of the ground reflection 
pattern can be obtained with a minimal time required to lay down and take up 
the doverings.  To allow testing during the winter months, the 30 x 28-foot 
concrete pad is electrically heated to remove ice and snow. 

A.3.2  Jet Facility 

To provide the heated air for the high temperature tests, two heaters 
are used. A large natural gas-fired heat exchanger preheats the air to about 
400° F, and this warm air is fed into the burner end of the combustor muffler 
through a A" pipe. Two small JP-4 combustors are used to provide the 
remainder of the heat addition. To prevent combustion noise from contamina- 
ting the jet noise downstream of the burners, acoustically treated baffles 
are used to prevent a see-through path, and the wall of the plenum is 
lined with two inches of Kaowool and faced with a l/8"-thick perforated 
sheet (45% porosity) of Hastelloy X. To date the burner has been operated 
to 2000° F with no thermal damage. 

The jet total temperature and pressure are monitored using wall static 
taps and a thermocouple in the low velocity plenum upstream of the nozzle 
contraction. 

A.4  PEEBLES SITE IV-B TURBOMACHINERY TEST FACILITY 

Testing of the scale model fan vehicle was performed at the Peebles 
Test Operation, General Electric's outdoor test site, using a General 
Electric LM1500 stationary gas turbine as the drive system.  The gearbox 
and the LM1500 are contained within acoustically absorbing housings. 

The fan vehicle was driven from the rear for the isolation of front 
noise. With the vehicle in the rear drive confiugration, throttling the 
fan was accomplished with a variable discharge valve located in the fan 
exhaust duct.  The discharge valve in the fan duct (bypass discharge 
valve) was used to vary the fan pressure ratio. 

For the isolation of Jront end noise, and far more accurate flow measure- 
ments, the facility is equipped with a collection system, four standard air- 
flow measuring venturi (two were utilized in the program), and a suppressor 

718 

. . 



exhaust stack.   A schematic of the scale model vehicle facility is shown in 
Figure 560 for rear drive.  Figure 561 shows an aerial view of Peebles Site 
IVB. 

The acoustic data were taken with microphones located on a 100-foot arc 
positioned at 10° increments from 0° to 150° as measured from the fan inlet 
ixis.  The microphones were set at the height of the fan centerline, 15 feet 
above the sound field surface. Near-field acoustic data were taken with one 
traversing probe directly ahead of the fan and a stationary probe in the 
center of the fan discharge duct. 

Restrictions were imposed on acoustic testing to assure reliable data. 
These included steady winds of 5 mph and gusts of no more than 3 mph above 
the maximum steady wind from any direction.  "  addition, data were not 
taken when the field was wet or covered with snow, the relative humidity 
was less then 30% or in excess of 90%, or temperatures less than 20° F. 
Also, all instrumentation protruding into the flowpath was removed to 
far-field acoustic data acquisition. 

Quantity and type of aerodynamic instrumentation consisted of: 

• Forty steady-state wall static pressures arrayed as follows: 12 
each on the internal cowl and centerbody surface, 4 on the inner 
(primary side) surface of the internal door, 5 on the outer 
(auxiliary side) surface of the internal door, and 7 on the fixed 
location and item number for each of these taps. 

• A single, radially-traversing, steady-state PT/Tx Kiel probe, 
located approximately 4.24 inches forward of the IGV plane and 
in line with the middle of a blow-in door passage as noted in 
Table 26. 

The following additional parameters were recorded: 

• Revoic'-ions per minute (rpm) 

• Dry Bulb Ambient Temperature 

• Wet Bulb Ambient Temperature 

• Wind Velocity and Direction 

• Ambient Pressure 
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Table 26.     Inlet Aerodynamic  Instrumentation 
Locations. 

Item Clrcum. 
Approach Takeoff 

Aero.t Vehlclet Aero.* Vehicle* 
Surface No.  Dcgrcea Loc. * Station Station Station Station 

Internal Cowl 4000 15 0.0 -85.54 Same aa approach 
4001 10.0 -75.54 
4002 15.0 -70.54 
4003 20.0 -65.54 
4004 135 20.0 -65.54 
4005 255 20.0 -65.54 
4006 15 25.0 -60.54 
4007 30.0 -55.54 
4008 40.0 -45.54 
4009 48.12 -37.42 
4010 60.0 -25.54 
4011 345 70.0 -15.54 

Centerbody 4012 15 -10.0 -95.54 -3.5 -89 .04 
4013 0.0 -85.54 6.5 -79.04 
4014 10.0 -75.54 16.S -69.04 
4015 15.0 -70.54 21.5 -64,04 
4016 20.0 -65.54 26.5 -59.04 
4017 135 20.0 -65.54 26.5P -59.04 
4018 255 20.0 -65.54 26.5 -59.04 
4019 15 25.0 -60.54 31.5 -54.04 
4020 30.0 -55.54 36.5 -49.04 
4021 40.0 -45.54 46.5 -39.04 
4022 48.0 -37.54 _ _ 
4044 70.0 -15.54 70.0 -15.54 

Priaary Side 4024 90 M/A N/A 53.48 -32.06 
of Door, 4025 55.00 -30.54 
8U Ath Setting 4026 

4027 
56.00 
57.00 

-29.54 
-28.54 

P.S.O.D., 4024 90 N/A N/A 53.49 -32.05 
1001 Atl] Setting 4025 

4026 
4027 

54.96 
55.92 
56.89 

-30.58 
-29.62 
-28.65 

P.S.O.D., 4024 90 N/A N/A 53.49 -32.05 
11*1 Ath Setting 4025 54.90 -30.64 

4026 55.82 -29.72 
4027 56.75 -28.79 

Inner Surface of 4023 90 N/A N/A 50.00 -35.54 
BID Paaaage, 4035 30 53.51 -32.03 
All Ath Setting 4036 

4037 
4038 

55.01 
56.00 
57.01 

-30.53 
-29.54 
-28.53 

Inner Surface of 4023 90 N/A N/A 50.00 -35.54 
BID Paaaage, 4033 30 53.47 -32.07 
1001 Ath Setting 4036 

4037 
4038 

54.94 
55.90 
56.88 

-30.60 
-29.64 
-28.66 

Inner Surface of 4023 90 N/A N/A 50.00 -35.54 
BID Paaaage, 4035 30 53.43 -32.11 
1141 Ath Setting 4036 

4037 
4038 

54.85 
55.79 
56.73 

-30.69 
-29.75 
-28.81 

Outer Surface of 4028 30 N/A N/A 52.0 -33.54 
BID Paaaag« 4029 54.0 -31.54 
(Fined) 4030 

4031 
4032 
4033 
4034 

55.5 
56.0 
57.0 
58.0 
59.5 

-30.04 
-29.54 
-28.54 
-27.54 
-26.« 

II. Steady-Steady PT/TT Radially Travaralng Kl.l Probe 

Located at  Aero. Sta. - 76 30t, 

Vehicle Sta. - -9 24t, 

6 - 30' • 

Muaured clockxlae fro» ten,  mil  looking forvard. Blow-In door, are oriented 
•I'.ch that 30' and 90" locatlona ara In Una with the center of a BID paaaage, 
while 15", 135*, 255*, and 345* lie midway between door crater and etrut 
cantarlln«. 

Aaro atatlon 0.0 occur, at th. (flctltlou.) flight Inlet Up; corr.apondlng 
vahlcl« atatlon I. -85.54. V«hlcl. .t.tlon 0.0 occur, at th. l.t stage rotor 
leading edge. 

* 
Centerbody portion forward of aaro. atatlon 49.00 tranalatea 6.5" forward 
fro» approach to tafcaoff poaltlon by »un. of a .pool piece. 
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A.5 EDWARDS TEST FACILITIES 

A.5.1 Edwards_Test_Facllltv - Jet Acoustic Iggt» (J79) 

Air ^Z?^^^^,^^^   located on Edwards 

aeroacoustlc jet engine exhaust nozzle tess  sllllVi  T* ^f  t0 Perf0rin 
outdoor test site with Its thrust 11 Specifically, the existing 

Site" was chosen afa pr L loca C o^'ef ^ ********  t0  aS "The North 

absence of tall surrounding bändln«.  A ^« ^ "T?*  teStS due t0 its 
Figures 562. 8 Dulidings- A Plan view of the site Is shown In 

The Acoustic Arena 

the e^t^g'sLfias^de^'l^lL68'^ ***™**<*** ™  the North site, 
for the acoustic arena     '   eled' and r0lled t0 Provide a ***>&  surfte 

The sound field used durlna exhatKsf rm.,,1« ^ 
Phone stations distributed around a 1 fin f!    eStS conslsted «f 13 mlcro- 
(englne Inlet plane referencedWn l^0^00' ^ extendin8 f™* ^  to  160° 

Phones were erected To'UZZS lli^T^^JlnTu ToTl ^ ^ 
ground. 6       root: and *« foot above the 

Jet Facility 

augmented turbojet. sinele-sDnni anr,in        """^er tjy ui^; . The J79 is an 
"jcu. bxngxe spool engine as shown in Figure 563. 

The engine was modified to obtain In pffo^ 
jet exhaust nozzle acoustic and related testf  ^/ ^generator for the 
a calibrated bellmouth inlet with fn.^A f    ^ modlfl"tionS included 
determination, and a long treltL inlet 7 r^ ^^ rakeS f0r ^^  flow 
radiated nois^. A treated housin/ «  d^\^  splitter to reduce forward- 
bottom, and sound fild .^.Tf^ ir^tiLl^^^ and COVerin8 «*e top. 
casing-radiated noise  THP JL.K   

8 ne casing. "**  "sed to minimize the 
which8are a«^ ^«Sll fo ^"J*6^ and tail plpe —biles, 
tically treated turbine exhfust TvLlZ        J^Vu™*  replaCed ^ an acou- 
be fastened through the use of^1^«!^°^ .^ Ch VfriOUS exhaUSt nozzles ^ 
stack up of Figure 564  Eight wall sta ic ta^s' T*!**.",**0**  ln the e^ine 

pressure and total-temperature comMn^J    f    ***  tWO 4-elenient total- 
spool. The engine was moused on ^^ ^ ^^ Were lnstall^ in the adaptor 
the engine ^L^T.ITT^ t^l^*t* ^  ^ ^ ^ 
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SEC B-B 

Figure 562. Schematic of the GE/EFTC South Field. 
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Inlet Suppressor 

The inlet noise suppressor used for all tests was a in >; f,™,- i 

rJÄ^Ir « £ F-r - -'ä^--•;. th. w.« „„P
u„ted »^«"x^^hr^^LT^tnÄt M 

Casing Radiation Suppressor 

.™'"Ä s^Ä rrr ^^^ 
of the box and on tho InsSe JSJÄ ""1^ "'"*' 0n ^ eXterl0r 

Turbine Exhaust Suppressor 

The turbine exhaust suppressor mounted to the turbine rear framp anH 

in trays^d'en^s^d by^    ^d^te^th^S1^ l^^ T^** 

suppressor and WaS suPPorted by ^ruts Midway of the 
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Adaptor  Spool  Hardwarp 

Adaptor  hardware was  required  to qPt-   M,- „ 
positions on  the  engine  comoarab^  In lu     th* proP«r  nozz^ exit  plane 
multichute nozzle  on^he  JENOTS  f^ilitv  "  T*  ^^  ^   the ^nical and 
separate  adaptor  spools were  use       u tlTeTt^olT/*  It''     ^ 
and   the other  for   the suppressed configurations       Xnol ^ COniCal  n0Z2le 

section were made  for  installation  ""f™10™3'     Allowances  in each spool 

on a condor, radial  Plane    ! fi^'hL af t of ^h  T^-^ if ^ combi-^- rakes 
^0°  positions  from  top  center    aft  lookin     f ^  flange at  the  300  *** 
determine the nozzle exit  preLure  rl^t* 50rWard-     Thes* rakes were used  to 
calculating  the ideal jet  veLcity ^  t0tal   temPe-ture  required  for 

Unsuppressed  Conical   Nozzle 

tests^f  "hrJe^rfacUit^rrc^nical8611116  f0r  the mUltiChUte ^V— 
discharge diameter  for  a nominal  geometri^r861111  deSi8n With a  20-^-inch 
(or an effective  exhaust  area of  fsH^)  af'^8'  f^ 0f  341-1  Square  inches 

nozzle was attached   to  the exhaust adantln/11  r±8Ure  569'     The 

Plane-7 PT - TT rakes. exhaust adaptor  flange  just  downstream of  the 

Contamination From Non^et Noise Sourceg 

arriving^t^e^far6!^:^ S^L^ TT^ ^ ^ ™ **** *** 
unwanted noise contaminantf^rcon^cted ^V^t  reCOrder' a «^ of composed of: conducted. These extraneous sources are 

Ambient noise from the surroundings 

•   Electronic noise inherent to data 
systems acquisition and reduction 

•   Turbomachinery noise from the J79 

rtnl^ÄV^«;' «d1^ '',*- -nta-lnan.s. how they are 

Ambient Noise 

It  is standard practice  to  romr*   t-v,„      u-. 
the noise of  the environment without  thfen^ff  ^  back^0^  noise  (i.e.. 

at   /.46 am.     The ambient  noise OASPL was  in  the 
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range of approximately 65 - 70 dB which was indeed quiet conditions. 

It is worthwhile, however, to determine if these quiet background noise 
levels interfere in any way with the data obtained on the certification nuzzle, 
io do this, the mögt severe case was examined,(i.e., the highest encountered 
ambient noise levels and the lowest noise levels generated by the conical 
nozzle)   The results, on a 1/3-octave-band (OB) basis are shown in Figure 
5/0, and indicate a difference of 10 dB or more for the 100 Hz - 4000 Hz 1/3- 
octave bana-, implying that true source data were obtained in that frequency 

ll&    ^n   -o uW 1 0 HZ' however. the 1/3 OB's show a difference of less 

function of hT^ffeCtilVhe SOUrCe leVel-  ^ re^i"d corrections as a 
function of .he difference between source and background noise, are shown in 

nifSt"   '  heS! correction8 were applied to reflect the true conical 1/3 
UöblL  s, indicated by a dashed line in Figure 570. 

It should be pointed out that when the difference between source noise 
and background noise is less than 3 dB, the source noise is less than the 
background noise and the corrected source levels should then be regarded 
only as indicative of the true level and not as an accurate measurement. 

In Figure 570 both sets of data are affected by electronic noise floor 
and dynamic range capability of equipment. 

Electronic Noise 

All electronic instruments generate small amounts of low energy 
electrical noise, even those designed with special low noise electrical 
components such as microphone cartridges, pre- and final-stage amplifiers, 
tape recorders, and data reduction instrumentation. 

An analysis of recording equipment capabilities was undertaken to rank 
order the major equipment components according to their operational limits 
(in terms of OASPL) . The results are shown in Table 27 and reflect an upper 
operational limit of 160 dB for the microphone cartridge, while the lower 
limit is found at 32 dB; this, in essence, is the lowest OASPL that can be 
detected by the microphone cartridge alone. 

The dynamic range of tape recorder and data reduction system combination 
was verified to be of the order of 46 dB. That is. the tape recorder noise 
floor was 46 dl below the maximum level being recorded as determined by the 
amplifier gain settings shown in Table 27. Adding the tape recorder noise 
floor to the amplifier noise floor will yield a measure of the lowest OASPL 
signature that can be analyzed without any amplifier electronic noise inter- 
rerence, i.e., acoustic data which register 88-92 dB in OASPL. 
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Measurements. 

736 

***&——-^r--- ""^f*" - 



T^ 

G 
O 
C 

I 

X! 

o 
■r^ in o o o o o o o o o r^ S *« r- — H>       ^ 

X) a CO in H so OT m to IO    rH m | 1         1 1 1        1        1 r^ rt» -r •^ (£ gC   X 
u 0 X 00   00 r- o o en <Ji to T | 1         1 1 1        1        1 N to Ln o •3 5 9i ro e 

u 
a 

to co a> 
t-i 

m to x 
rH     F-H     F-H 

o> o 
rH    (N 

o 
CO 

1 t         1 1 1        1        1 
CM 

X 
rH 

r^ r^ * X   X 

£ 
Q. 
VH u 

• H o o o o o o o o o o o o o o o o o O C o o o o o 
O XJ c m O  f (M to O f O  t o -r to to OJ X   O  X T X N CM —   o m c o m ffl m 10 o r» to en N m r^ rH    O m en O en rH <* O O ~< r-    CO 
in M E v in to X O   O   CM tn en o o rH    in m to x to X <N in in -r «^ o 
to 

a 
rH    r-1    rH rH    rH 04 CM (N   CM CNI (N   CM   CM rH rH rH 

t m o o o o o o o o o o o o o o o o o o O O c O     O t) ~ Oi m N to en in N in t^ m to x en CO 01   O   01 t^ en rH rH N CM    O 
0 c IN O) oa IM o en en to X rH en m in (O rH     O    rH o CM in m CM CM m D a W N en -r m in to to to O o O   CM CM en en en X X CM CM CM CM   X a fcM rH rH rH   rH rH rH    i-H    rH 
w 

0 
a -^ u 
tx •H in o o in o o o o o O c o o p m in o fi "u c 0) PH  to (M rH   to  X to t^ cn 1 1       1 1 1        1        1 X 1^ 01 01 rH 
u (H c w x m X to en in en x T 1       1 1 1        1        1 X X t^ r- r- -H   CM 

M E 

1 

m to t^ 0» rH IN n« 
rH    rH    rH 

m m 
rH   rH 

en 
(M ' 1       1 1 1        1        1 X 

rH rH 
m m Ifl X   CM 

rH 

a c U 
•H o o o o o o o O   O o o o o O o e o o O o o c O o o ■o C * ■* * in •* ^r (N t   X (N to X   X X o o o X X X rH r-H      CO 

TJ" c 0 m m o m t^   W   h- w m to 01 CM   CM rf x o en TT m X X »— f    rH 6 N E CO t1 m to f-   X   0) o o in in tO  O) O o o o CM 05 m X X n x m 

IS 

r-l   i-H rH rH rH   rH rH CM   CM   CM rH 

. m o o m o o o o o O o O    O o o o o O o o o c in o •a to t^   (N c« t^   <N   to CM  <J) rH X ^ m rf in o m IN Oi « X in o x c t^ (M m N m  rH   X rH   IN X 0) rH    t0 t^ rH    O   rH (N o OS Ol t~ t"   o 3 r-i CO   M cn en Tt* •* m m 1^ K x o> O) O   O   O X T rH rH rH rH    ^Jl 
U< rH    rH    rH 

$ a   CD ÜJ a;  dj  m a,  tu 0) IB i)     d) Oi 0)     01     0) tu OJ 
M hi   M be M   M   bd bt>  be tm b£ tuo  be fcJQ be he be be be 
CO nl   cd « cd   cd   ei cd   cd cd cd cd   cd cd cd   cd   td cd cd 
+J ■(->   +J +J -t-1  +-|  -I-J +J  +-> *» ■M ■p  +-i *-> +»   4J  *J 4-1 ■p ^ JH 
W x co en M w m X w X X X   X X XXX X X cd cd 

w 4-* •a -a £ a a M J3 si J: Ä ja & fi ä x: J= +J ■a 
0) 
O 

0) 
'S.   O 

. 
h   cd c tn c  u *-> •t-j +-> -I-I •P   -M v ■t-i v 4-) *> +4   *)   4J Cfl c 0 rt cd   OJ 

V ^H IN en i" m to t- X   02 o rH CM en 1" m x t- rH CM rH A    rM 0) o a c rH rH rH    r-H rH rH    rH   rH X    0) h    0) Ü Ü 0 0    > cd   > • 
a. X3    0) a o c a. P E ^t 8H m Ü   ffl (U E   -i 0 0 cd Ü =i < U c/1 

C 
a 
E 

0) 
c 
•H 
J3 

0)    rH 
O   cd 

•H 
■M -a 
0)  cd 

!H    rH 
o   cd 

a d 

s: 

d 

rH    +3 

~ 9 
E rH    OS e; a '— C C 0 9 C h 

^^B- _ 
u H M H 

737 



Turbomachlnery Noise 

Tile J79 engine installation at GE/EFTC provided a "jet" noise and air 
source for future studies in Jet mixing noise, jet noise source location, 
suppressor effects, etc.  In order to accurately study these phenomena, 
the source of jet noise must be essentially free of other jet engine noise 
sources, such as turbomachlnery noise.  There are three primary transmission 
paths lor such noise contamination from the engine, namely:  1) out the inlet 
2) out the jet exhaust, and 3) through the engine casing walls.  The approach 
Coward eliminating the engine noise contaminatior was to suppress the sound 
from the engine using massive inlet and exhaust suppressors on the installa- 
tion, as shown in Figures 565 and 567 and encasing the engine in a lead box. 
as shown in Figure 565. 

Analysis of the J79 engine far-field 1/3 OB data with the suppressors 
in place showed the possibility of some turbomachlnery tones still present, 
although their effect for the most part was small.  It was determined that 
correction factors applied to the 1/3 OB data would be adequate to eliminate 
this contamination.  Figures 572 and 573 are typical narrowband plots 
showing the turbomachlnery noise (which was limited to the lowest three rpm's 
run) . r 

To eliminate the tones the following criteria were used. It was assumed 
that tn a given 1/3 octave band an addition of less than 1 dB due to turbo- 
machinery noise meets the "essentially free" requirement. Figure 574 shows 
the amount by which a given turbomachlnery noise pure tone must exceed the 
broadband noise in a given 1/3 octave band, as shown on a AG-Hz bandwidth 
plot, before the limit is exceeded. The J79 rotating parts and their funda- 
mental and harmonic frequencies given in Tables 27 and 28 provide the 
location (in frequency) of possible turbomachlnery tones. 

Using the above criteria, the 40-Hz narrowband plots were inspected for 
turbomachlnery tones.  The most noticeable tones occurred at low speeds 
where the jet noise was low.  The conical data showed tones at 2000 Hz and 
10,000 Hz which appear to be from the radial bevel gear and the 13th through 
15th compressor stages, respectively.  The 40 Hz narrowband plots showed the 
presence of 1/rev and 2/rev tones with these tones also affecting surrounding 
bands. Some unidentifiable tones were found in the 5000 rpm conic nozzle 
data at 1250 Hz and 2000 Hz which were corrected where it was felt they 
would severely compromise the accuracy of the PWL (Figure 572). 

A'5-2 awards Flight Test Center. North Site (J85 Turbine Noise Test) 

Testing of the J85 vehicle was performed at the General Electric Flight 
Test Center at Edwards Air Force Base. The primary acoustic data taken were 
from far-field microphones located on a 100-foot arc. At the frequencies 
associated with the J85 turbine tones (above 10 KHz), the atmospheric absorp- 
tion could potentially eliminate the turbine noise in the far field  As a 
backup, additional microphones were located on a 3Ü-foot arc. As it turned 
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Figure 572.  Narrowband of 60» (A" Mic) High Microphones. 

0 0.2 0.4 0.6 0.8 1.0 U2. TA UZ O 2.0 

Frequency,  KHz 

Figure 573.     Narrowband of 60° (B" Mic) Low Microphones. 
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Table  28, J79-15  Engine Noise Component  Frequencj 
Spectrum for  Idle  Speed  (5040  rpm) . 

Frequency  -  cps 

37 
37 
38.2 
74 
74 
76.4 
84 
111 
111 
114.( 
134 
167 
168 
172 
250 
252 
268 
318 
334 
344 
402 
415 
500 
501 
516 
636 
695 
750 
788 
830 
851 
902 
910 
954 
1055 
1070 
1081 
1115 

Harmonic 

F 
F 
F 
2 
2 
2 
F 
3 
3 
3 
F 
F 
2 
F 
F 
3 
2 
F 
2 

2 
3 
3 
2 
F 
3 
F 
2 
F 
F 
F 
3 
F 
F 
F 
F 

Component 

No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 

Brg 
Brg 
Brg 
Brg 
Brg ft 

Brg  ft 

ft 
ft 
ft 

3 Brg 
ft 

1.  2, 
1 Brg 
2 Brg  ^ 
3 Brg  ft 

3 Brg  Scav Pump 
Rear Gearbox Scav Pump 
No.   1,   2,   3  Brg  fr 

Main Lube Pump 
Tran Gearbox Scav Pump 
No. 1, 2, 3 Brg fr 
No. 3 Brg Scav Pump 
Nozzle Pump 
Rear Gearbox Scav Pump 
Main Lube Pump 
No.3 Brg Scav Pump 
Main Fuel Pump 
Tran Gearbox Scav Pump 
Rear Gearbox Scav Pump 
Main Lube Pump 
Nozzle Pump 
No.   2  Brg  fb 

Trans Gearbox Scav Pump 
No.   1 Brg fb 
Main Fuel Pump 
No. 2 Brg f2 
No. 1 Brg f2 
No. 3 Brg fb 
Nozzle Pump 
RGB Tach Gen Gear 
No. 3 Brg f2 
No. 2 Brg f1 

No. 1 Brg fi 
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Table 28. J79-15 Engine Noise Component Frequency 
Spectrum for Idle Speed (5040 rpm) (Continued). 

rrequency - cps Harmonic 

1120 F 
1245 3 
1285 F 
1390 2 
1460 F 

1545 F 
1576 2 
1705 F 
1765 F 
1800 F 
1702 2 
1804 2 
1820 2 
1930 F 
2020 F 
2085 F 
2085 3 
2110 2 
2140 2 
2185 F 
2230, 2162 2 
2240 2 
2270 F 
2364 3 
2520 F 
2570 2 
2553 3 
2706 3 
2730 3 
2920 2 

3090 2 
3165 3 
3210 3 
3275 F 
3345, 3243 3 
3360 3 
3410 2 

3445 F 
3530 F 
3530 2 
3600 2 
3855 3 

Component 

TGB Scav Pump Gear 
Main Fuel Pump 
No. 3 Brg f1 

No. 2 Brg fb 
RGB Gear-Hor Shaft, Lube Pump, 
Fuel Control 
RGB Noz Act Pump Gear 
No. 1 Brg ft 
TGB Hor Shaft, Fuel Pump, Tach Gen Gear 
Compressor 1st Stage 
A/B Fuel Pump 
No. 2 Brg f2 
No. 1 brg f2 
No. 3 Brg fb 
Inlet GB & TGB Radial Bevel Gear 
Main Fuel Control 
RGB Scav Pump Gear 
No. 2 Brg fb 
RGB Tach Gen Gear 
No. 3 Brg f2 
TGB Main Drive Gear 
No. 1 and No. 2 Brg 
TGB Scav Pump Gear 
Compressor 2nd Stage 
No. 1 Brg fb 
Compressor 3rd Stage 
No. 3 Brg fi 
No. 2 Brg f2 
No. 1 Brg f2 
No. 3 Brg fb 
RGB Gears Hor Shaft, Lube Pump, 
Fuel Cont. 
RGB Noz Act Pump Gear 
RGB Tach Gen Gear 
No. 3 Brg f2 
Compressor 4th Stage 
No. 1 & 2 Brg fi 
TGB Scav Pump Gear 
TGB-Gear Tach Gen,  Fuel Pump, 
Hor Shaft 
TGB-Main Drive Gear #2 
Turbine 3 Stage 
Comp 1 Stage 
AB, Fuel Pump 
No. 3 Brg fj 

ill 
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Table 28. 

Frequency - cps 

opecLrum 

Harmonic 

3860 2 
3865 f 
4040 2 
4080 F 
4115 F 
4170 2 
4370 2 
4380 3 
4540 2 
4635 3 
4790 F 
4872 F 
4945 F 
5040 2 
5115 3 
5125 F 
5290 F 
5295 3 
5400 3 
5790 3 
6060 3 
6220 F 
6255 3 
6550 2 
6555 3 
6810 3 
6890 2 
7060 2 
7560 3 
7730 

* 
2 

7810 F 
7980 r 
8140 F 
8160 2 
8230 2 
9580 

F 9660 
9744 I 9745 
9825 3 

2 9890 
10000 F 
10165 F 
10250 2 
10335 3 
10580 2 

J79-i5  Engine  Noise  Component  Frequency 
Spectrum  for   Idle  Speed  (5040 rpm)   (Continued) . 

Component 

TGB & IGB Rad Bev Gear 
Compressor 5th Stage 
MF Control 
TGB Cont Alt Gear 
Compress 6th Stage 
RGB Scav Pump Gear 
Main Drive Gear //I 
RGB Gear Hor Shaft, Lube Pump, Fuel Cont, 
Compressor 2nd Stage 
RGB Noz Act Pump Gear 
Turbine 2nd Stage 
Compress 7th Stage 
TGB A/B Fuel Pump Gear 
Compress 3rd Stage 
TGB Gear-Tach Gear. Fuel P and Hor Shaft 
Comp 8th Stage 
Comp 9th Stage 
Comp 1st Stage 
A/B Fuel Pump 
IGB & TGB Rad Bev Gear 
MF Control 
Turbine 1st Stage 
RGB Scav Pump Gear 
Comp 4th Stage 
TGB Main Dr Gear //I 
Comp 2nd Stage 
TGB Main Dr Gear #2 
Turbine 3rd Stage 
Comp 3rd Stage 
Comp 5th Stage 
Comp 10th Stage 
Comp 11th Stage 
Comp 12th Stage 
TGB, Cont Alt Gear 
Comp 6th Stage 
Turbine 2nd Stage 
Comp 13th Stage 
Comp 7th Stage 
Comp 14th Stage 
Comp 4th Stage 
TGB AB Fuel Pump Gear 
Compressor 16th Stage 
15th and 17th Stage 
Compressor 8th Stage 
TGB Main Drive Gear #2 
Comp 9th Stage 
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Table 28. J79-15 Engine Noise Covenant Frequency 

Spectrum for Idle Speed (5040 rpm) (Concluded) 

Frequency - cps 
Harmonic    Component 

10590 
11595 
12240 
12345 
12440 
14370 
14580 
14835- 
15360 
15620 
15870 
15960 
16280 
18660 
19280 
19480 
20000 
20300 
23430 

3 
3 
3 
3 
2 
3 
3 
3 
3 
2 
3 
2 
2 
3 
2 
2 
2 
2 

Turbine 3rd Stage 
Comp 5th Stage 
TGB Cont Alt Gear 
Comp 6th Stage 
Turbine 1st Stage 
Turbine 2nd Stage 
Comp 7th Stage 
TGB A/B Fuel Pump Gear 
Comp 8th Stage 
Comp 10th Stage 
Comp 9th Stage 
Comp Hth Stage 
Comp 12th Stage 
Turbine 1st Stage 
Comp 13th Stage 
Comp 14th Stage 
Comp 16th Stage 
15 and 17th Stage 
Comp 10th Stage 
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out, the inlet suppressor and operation at maximum exhaust nozzle setting 
were successful in unmasking the turbine noise at the 100-foot measuring 
distance, and the 30-foot data were not used. 

70"  J^Äno61'1 aCOUf^c "easurements were made at a 100-foot radial distance. 
rL-? HW raeas"red fr°m the inlet axis, in 10° increments and at a 30-foot 
radial distance for angles of 100° to 140°, in 10" increments, relative to 
an arc center located on the discharge plane of the exhaust no^^le.     The 
microphone height used was equal to the engine centerline height of 10 feet. 

It ^ M ?' ^^u i1*1* COn8i8ted of leveled, hard-packed sand, with 
the exception of an asphalt area around the perimeter of the test stand. A 
lay-out of the test stand and the sound field is shown on Figure 575. 

Each far-field microphone system consisted on the following: 

Microphone Head 
Cathode Follower 
Power Supply 
Amplifier 

Bruel and Kjaer 4133 
Bruel and Kjaer 2615 
Bruel and Kjaer 2801 
Designed and built by GE/Edwards 

Since data were required through the 40,000 Hz 1/3 octave band, the 200 
A  power supply option was used to provide optimum response characteristics 
for measuring high frequency, low amplitude data. 

In addition to far-field data, acoustic probe measurements were per- 
formed in the turbine exhaust area using two stationary acoustic probes 
positioned as indicated on Figure 576 with access obtained through unused 
afterburner spraybar ports.  The type microphone used was a Bruel and Kjaer 
4136, with the remainder of components the same as for the far-field systems. 

hLh L'^f I.' ■^-Jr'01!* rati0' eaCh Pr0be Was also record^ through a high-pass filter, blocking the low frequency (to 2000 Hz) portion of the 
signal where flow noise was prevalent. 

Data were recorded on FM with a Genesco 28-track recorder at a tape 

eristicf.       ^ ^^ t0 Pr0Vide the recluired reorder response charact- 

For each test setup, the frequency response of each system was determined 
by recording a "pink noise" signal, using a Hewlett-Packard Random Noise 

tTToml'     Th  ? ^l  ^T^  ran8e and an oscill*tor for frequencies 
to 40 KHz.  The play-back of these responses was performed using the same 
equipment as used for acoustic data reduction, thus establishing the response 
for all components of the system.  These responses, along with individual 
microphone head corrections, were determined for inclusion in the 1/3-octave 
data processing.  If any component of the sound system (with the exception 

rfest^H hnH K63?^ ^u1^  rePlacements. the response of the system was 
reestablished by the method previously described. 

The aerodynamic instrumentation, listed on Table 29. was selected 
primarily to provide the aerodynamic information necessary to interpret 
the acoustic results. 
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Table 29.  J85 Performance Instrumentation/Measurements 

pT2/pS2» TT2 rakes* - compressor inlet 

A wall static taps (Ps9) 

pT3t Tx3 rakes* - compressor discharge 

TT
5 1' PT5 1 ra^es* " turbine discharge 

Fuel flow meter 

Thrust 

Engine speed 

Nozzle area indicator 

Safety instrumentation as required (oil temperature, accelero- 
meters, etc.) 

*Removed for Acoustic Tests 

In addition to the acoustic data, the following parameters were monitored 
during the acoustic testing: 

• Revolutions per minute (rpm) 

• Thrust 

• Fuel flow 

• Compressor inlet temperature 

Dry btlb ambient temperature 

Wet bulb ambient temperature 

Wind velocity and direction 

Ambient pressure 

Turbine discharge temperature 

Nozzle area 
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At each test point, two minutes stablization time were allowed before 
recording acoustic data. 

A.6  FLUIDYNE ENGINEERING CORPORATION'S MEDICINE 
LAKE AERODYNAMIC LABORATORY 

A.6.1  Introduction 

FluiDyne maintains and operates extensive aerodynamic test facilities 
which are used by government and industry.  The majority of the studies per- 
formed in these facilities is related to propulsion system performance and 
mostly to engine exhaust systems aft of the turbine exit. During the 20 
years that FluiDyne has been conducting studies, they have developed special 
measurement systems and techniques which uniquely apply to their corporate 
test facilities.  These techniques and equipment are continually reviewed 
and updated to be consistent with new test requirements so that the experi- 
ments they conduct and the resulting data are as controlled and accurate as 
are produced anywhere. 

A schematic of FluiDyne's Medicine Lake Aerodynamic Laboratory test 
facilities is included as Figure 577.  Each facility is designed to create 
uniform and controlled aerodynamic environments for the models being tested. 
An extreme range of flow properties is available with pressures up to 
5000 psi, flow rates of 300 lbs/sec, 10 microns of vacuum, Mach numbers 
up to 14, and temperatures as high as 4000° F. Nozzle operating conditions 
for the current program were well within FluiDyne capabilities. 

A.6.2 Facility Description 

Static Thrust Facilities 

The static model tests were performed in FluiDyne's Channels 6, 7, and 
12, which are cold-flow, free-jet, static thrust stands designed for nozzle 
testing over a wide range of pressure ratio simulation.  The basic arrange- 
ment of these faciliti >s is shown in Figure 578. High pressure dry air from 
the facility storage sy. rem is throttled, metered through an ASME iong-radius 
metering nozzle, and disct.arged through the test model. 

The thrust data are obtained by direct force measurement using a strain 
gage force balance system.  The test nozzles are structurally isolated from 
the upstream (grounded) portion of the balance system by a thin elastic 
membrane.  The force on the model assembly downstream of the seal is trans- 
mitted via the balance strain gage elements to a digital readout system. 
Calibration of the force balance and seal is described in Section B.6 of 
Appendix B. 

The test data consist of measurements of airflow rate, balance force, 
nozzle surface static pressures, model total pressure, ambient pressure, 
meter total temperature, and inlet pressures necessary to calculate the stream 
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and   „corded on PoIarold'cameJnL    T ^ and b°urd''"-t>'1- »M«. 
co„Stant  ^„oconpiea and^c^ded^n Ä'JS.r"! meaSUred "^ ^ 

Wind  Tunnel FacUltlc« 

in; staUed^rf3 Charmel 10 Transonic Wind Tunnel facility was used for 

ited in Figure 579 

teat  aactioi      it h!  t"nsonlc "J"" '""«1 having a 66 «   66-Inch,  alottad-waU 

atmospheric Sr is'dr^ rh^'L1' a" ^^Um-tyf. tunnel In which 

by  controlling  the »aae flo^the^c^a      iL^coT I*«"",1* """^ 
aectlon ls avolded by burning pr^™ ^"L of tL Inl"8      0n ^ the "^ 

Of the „err. brea. S ^pTo^^.f Ä^^"^^^""" 

The »olMnpporr^lng^rlro0: Vl^l^Tl^^ r*1' 

So-sf :::eirthr";\"^ Lr-p^ ^V:?ls V"1-- 

atlng. since JS. «IXT^^TA.^AL'^r^ ^        ' 
nozzle, Ptl, is measured using a four-tube, area-weighted rak,  T„!.l 

lZZTuVo^~£d Til™ rtiH "•' '^^''Ä-n« 
test nozzle, a meter dUcharge S.HÄ U «S.^L'1" ^ 0£ the 

meter throat Reynold's number' from a seSempirlcal ec^l^ * R^"0" "L^ 
are accounted for in the weicht fin« nai„   ,»,^ica-L equation.  Real gas effects 
factor (Ref. 56). *    OW calculatlon through the critical flow 
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The metric part of the model is cantilevered directly from the diverging 

to'm^s ll  T ^  fK
l0W-raeteri^ —le- ^o  strain gage elements are u^ 

to measure the force between the metric nozzle and the ground sting.  A 

nH^r  H1 ^  ?*  thr0at 0f the ASME n0Z2le is used to ^parate the metric 
and grounded sections.  The actual thrust-minus-drag of the test nozzle is 
then determined from the momentum entering the ASME metering nozzle, a balance 
force obtained from the two strain gage links, and the control voW pressure- 
area terms.  When testing with external flow, the thrust-minus-drag of the 

on hr'i6'/8 C?1Culfed above' is edified  to exclude the friction drag 
on the cylindrical surface from the metric break to the beginning of the test 
nozzle approximately 1.3 model diameters).  The friction drag on the 
cylindrical surface is estimated using standard methods. 

The nozzle airflow passes through a series of choke plates and screens 
o provide uniform flow at Station 8.  The nozzle total pressure at Station 

Li; ^ deterinin^d ^ usin8 two four-tube, area-weighted rakes.  Nozzle 
ZTL   r^r^'     t8:  iS Calculated by subtracting the temperature drop 
due to Joule-Thomson throttling of the flow between Stations 1 and 8.  This 
temperature drop is calculated from a curve fit of tabulated properties of 
air from Reference 57.  The internal and external pressures are measured 

Polaroidrc0^ra fi^868 ^ ^^ ^ "^  —^ banks and ™™***  - 

A-7 NASA-LEWIS 8- * 6-FOOT SUPERSONIC WIND TUNNEL 

A.7.1  Introduction 

The NASA-Lewis 8 *   6-foot Supersonic Wind Tunnel is capable of attaining 
test section flow in a Mach number range from 0.36 to 2.0. The change i^ 
Mach number is continuous up to 1.3 and in increments of 0.1 between 1.3 and 
^•0. The tunnel may be operated in either of two modes: aerodynamic cycle 
or propulsion cycle. W/WA« 

with Srv^fr^LT^r""10 CyCle the tUnnel iS 0Perated as a closed system 
wi h dry air added only as required to maintain the desired tunnel conditions. 

Se not intrnH'l Pr "^ for "rodjmamlc flow studies where contaminants 
n^h   ^

troducf lnto the airstream.  Figure 581 illustrates the airflow 
patn of the aerodynamic cycle. 

A-7.2 Facility Description 

Major components of the Lewis 8 *   6-foot Supersonic Wind Tunnel are 
llustra ed in Figure 582.  These components are an air dryer, a compressor 

a flexible-wall nozzle, a test section, an acoustic muffler, and  a cooler! 

Operating characteristics of the tunnel for both the aerodynamic and 
propulsion cycles are given in Figure 583. which shows the test section total 
temperature, total pressure, static pressure, dynamic pressure, altitude 
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Air dryer -^^ 

Drive motors-*' 

Compressor 

Figure 581.  NASA-Lewis 6 x 8-foot Supersonic Wind Tunnel 
Aerodynamic Cycle. 
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Figure 582. Wind Tunnel Components. 
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(a)  Supersonic Wind Tunnel Total Temperature, 
Average Temperature Day. 
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(b)  Supersonic Wind Tunnel Total Pressure. 
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Figure  583,     Operating Characteristics of  the NASA-Lewis 
6 x 8-foot  Supersonic Wind Tunnel, 
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Figure 583. 
Operating Characteristics of the NASA-Lewis 
b x 8-foot Supersonic Wind Tunnel  (Continued). 
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Figure  583. 
Operating Characteristics of  the NASA-Lewis 
6 x 8-foot  Supersonic Wind Tunnel     (Continued). 
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(g)     Supersonic Wind Tunnel Mass Flow. 
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Figure  583.     Operating Characteristics  of   the  NASA-Lewis 
6  x  8-foot   Supersonic Wind Tunnel     (Concluded). 
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Reynolds number, and mass flow versus the test section Mach number over the 
tunnel operating range.  The discontinuity between Mach 0.50 and 0.55 is 
caused by varying compressor speeds to avoid overpressurization of the 
balance chamber surrounding the test section. 

The test section is 8 feet high and 6 feet wide with parallel side walls 
for a total length of 23 feet 6 inches.  For 2 feet 3 inches downstream of 
the test section, the side walls diverge to 6 feet 4 inches to compensate 
for the blockage of the transonic strut.  The top and bottom plates are 
parallel to each other.  The walls and top and bottom plates are made of 
1.00-inch-thick. stainless steel. 

The test section is perforated on four sides.  Perforations start 9 feet 
1 inches from the upstream end of the test section and extend 14 feet 5 inches 
downstream.  These perforations provide approximately 6 percent porosity; 
however, this can be reduced and. varied along the length of the test section 
by selective use of inserts in the 1.0-inch-diameter perforations. 

Models are installed through an access door in the bottom of the tunnel 
diffuser downstream of the test section. The opening is 16 feet long and 
6 feet wide.  Two 2-ton overhead cranes are provided in the ceiling of the 
diffuser section. Models, on special dollies, are lifted into the diffuser 
section and rolled to the test section for installation. 

The top and bottom plates of the test section are removable for instal- 
lation of small model supports and auxiliary apparatus.  The opening may vary 
up to 10 feet long by 12 inches wide depending upon the selection of insert 
plates and location in the test section. The tunnel insert plates cannot 
be altered, therefore new inserts are required if modifications are necessary. 

Typical model installations in the wind-tunnel employ single strut 
mountings (0° or 30° swept struts) as shown in Figure 584.  The model sup- 
pressors for the performance tests were approximately 8 inches in diameter. 
Transition sections are used to adapt the model nozzles to the facility. 

The thrust-minus-drag data are determined with the direct force-and 
flow-measuring systems, which are located just downstream of the transition 
sections.  The force-and-flow measuring systems consisted of the same 
FluiDyne hardware as the systems used in FluiDyne's Channel 10, which was 
described in Section A.6. 
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APPENDIX B 

DATA ACQUISITION AND REDUCTION METHODS 

FACILITY  DATA ACQUISITION AND REDUCTION SUMMARY 

svste^%oarthr^sTfa\euSe
af dV^^Tr6/^3 aCC'ui8lti- *** "action 

following sectionrof^M described in Appendix A are summarized in the 

äescrilel    r e" on B 5      T^e'eebi.  T ^0TS  aCOUStlC data 8y8tem8  are 

in S^Tf fi^^L^i1^ ^ analy8iS Pro"dures are described 
Lewis 6^8 ft wlnd-tLneJ^116 En8lneerln« facilities,  and for the NASA- 

The laser veloclmeter system Is described In Section B.6. 

B-2    JENOTS  DATA ACQUISITION AND REDUCTION SYSTFMS 

B-2-1    Acoustic Data Acquisition System 

The data collection system at JENOTS  is shown schematically In Figure  SftS 
It  is  composed of a Bruel     anA v-ta»«-   /nrvN     J , ^■uatxv.aj.j.y  xn figure  503. 

the datl ruction roo;. 8l8nal ^ ""^ ^ taPe for futUie ^«* ** 

B&K 4U3   a/2 ln^nfy fU "icr°Phone8 are ^e B&K 4135  (1/A  Inch)   and the 
often is  the B&KIfi^ J?.?1"0151101168-     ^ Cathode follow« used most 

Ra„d„!hpia'n!aifJer " the ';ape """i«1- ™s designed by GE and built by 

at tbe no«! -Ubretlor^e/lt? ^l "seul^in^t fZT^ 

tlon thle vernier 1. „9„.uy .„^„«j to mke the „J dB ^J ^.«^«^ 
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tlon signal the full-scale (1.4 Vrms) input to the tape recorder.  The 10-dB 
steps in the tape recorder amplifier then directly correspond to 10-dB steps 
in OASPL from 124 dB. The output of each amplifier channel has a Vu-Data 
monitoring oscilloscope for continual inspection of all signals for any clipping 
or deterioration of the signal due to excessive crest factor (Peak Value/RMS). 

The Sangamo Sahre IV, 4930 magnetic tape recorder/reproducer has IRIG 
wideband, RM wideband Group I and Group II capability.  In normal JENOTS 
operation all data are recorded on one-inch magnetic tape in Wideband Group II 
at 30 ips, having a flat frequency response in excess of 100 KHz when used in 
conjunction with the B&K 4135 microphone. The voice channel is recorded 
direct. 

B.2.2 Acoustic Calibration Technique 

To ascertain that valid acoustic data were obtained from each acoustic 
test, rigid procedures are followed for equipment calibration prior to test. 
The calibration of all microphones is checked periodically using an acoustic 
calibration system built by General Electric and available at the Evendale 
facilities.  All microphones whose voltage outputs deviate more than ± 1 dB, 
as compared to manufacturer specifications during field/laboratory calibration 
procedures, are not used until a recallbratlon Is done using this facility 
and until new absolute sensitivity and frequency response characteristic values 
are assigned, where applicable. Any microphone output deviating by more than 
± 2 dB is returned to the manufacturer for repair and recallbratlon. 

The acoustic calibration system provides for the calibration of 1-inch, 
1/2-inch, and 1/4-lnch capacitance-type microphones to establish absolute 
sensitivity and frequency response characteristics by electrostatic and free- 
field comparison techniques. Traceabillty of calibration to NBS Is by means 
of the piston phone and a 1-lnch standard microphone. 

Capabilities for the determination of microphone cartridge open circuit 
sensitivity and cathode follower attenuation are also provided. 

In addition to the periodic laboratory microphone checks, the entire 
acoustic data acquisition system is calibrated In the field in the following 
manner.  The overall system frequency response Is obtained by removing the 
microphone head and applying a constant voltage oscillator signal at the center 
frequency of each one-third octave band. The response corrections in each 
one-third octave band are determined for Inclusion Into the data reduction 
program. 

Immediately prior to and following each day's testing, each microphone 
system is calibrated using the Model 4220 piston phone. 
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B.2.3 Facility Data Acquisition System 

All of the facility data and additional pressure and temperatures for 
various test model instrumentation requirements are recorded on a digital data 
acquisition system. 

A total of 125 pressure lines, 96 CA T/C circuits, and 21 1R T/C circuits 
are available for use with the digital system. 

One hundred pressure lines out of the 125 connect to a bank of 8 scanner 
valves containing 25 psia transducers.  Each scanner valve can measure eleven 
pressures per transducer for a total of 88 pressures in the 0-25 psia range. 
Twenty-five pressure lines are routed to a cabinet containing five individual 
tranducers that handle pressures (0, 50, 100, and 500 psia)  but can be changed 
to meet specific requirements.  The 8 scanners are used for measuring model 
pressures, while the individual transducers measure facility airflow data. 

The CA T/C's are used to measure main airflow temperature and various 
skin temperatures on the models.  The IR T/C'R are used to measure flame 
tunnel temperature.  These signals are then fed into an automatic switching 
unit in an ordered manner and conducted through digital amplifiers to a digital 
printer and a digital punch. 

B.2.4 Acoustic Data Reduction 

On-line data reduction and monitoring capability is available in the 
JENOTS control room.  As shown in Figure 585, a single-channel selector switch 
can route any microphone signal parallel to the tape recorder for expanded 
waveform presentation on a HP1205 B oscilloscope.  Overall sound level of the 
selected channel can be read out on a calibrated RMS meter.  The signal can 
then be passed through a B&K 1612 band pass filter set, amplified by a B&K 
2604 amplifier, and recorded on a B&K 2305 level recorder. The filter set 
can be dialed to 1/3 octave frequencies from 12.5 Hz to 40 KHz, octave 
frequencies from 16 Hz to 31.5 KHz, linear, "A", "B" and "C" weighted 
networks from 20 Hz to 45 KHz. 

Standard data reduction is conducted in the General Electric AEG Instru- 
mentation and Data Room (IDR).  As shown in Figure 586, the data tapes are 
played back on CEC3700B tape deck with electronics capable of reproducing 
signal characteristics within the specifications indicated for Wideband 
Group I and Group II. 

All 1/3 octave analysis Is performed on a General Radio 1921 1/3 octave 
analyzer. Normal integration time is set for 32 seconds to ensure good 
interaction for the frequency content. Each data channel is passed through an 
interface to the GEPAC 30 computer where the data are corrected for the fre- 
quency response of the microphone and the data acquisition system corrected to 
Standard day (59° F, 70% RH) atmospheric attenuation conditions per SAE ARP866 
Standards, and processed to calculate the perceived noise level and OASPL from 
ehe spectra.  For calculation of acoustic power, corrections for ground 
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fATJ<ield'   SCalin8 t0 0ther nOZZle Si2es' or extrapolations to different far-field distances, the data are sent to the Honeywell 6000 com- 

puter for data processing. 

Other data reduction techniques are available in IDR.  Constant narrow- 
band spectra can be reduced on the Federal Scientific UA6 or the EMR 
(Schlumberger) 1510 analyzer.  Complex Time Series analysis such as cross 
correlation cross PSD, coherence functions on probability density can be 
processed through the (General Radio) Time Data System (computer based system 
incorporating analysis techniques in both the time & frequency domain). 

Many other capabilities such as tracking filters and high speed "Fiber 
Optics" are also available. . 

B.2.5 Acoustic Data Scaling Technique 

Continuous frequency data through 80 KHz were recorded using the 40-foot 
hemispherical arc microphones at the 15.93 foot height at each 10° incremental 
position from 20° through 160° from the inlet axis.  Far-field arc aco'stic 
measurements were reduced in 1/3-octave-band form, corrected to standard day 
condi ions of 59° F. 70% relative humidity, and scaled to full engine size usine 

thru3 0 L30^ ^^SnTT  m0del arC = 320 ft e^ine arc' and'model 00 Hf8 thru 80 KHz = engine 50 Hz thru 10 KHz). 

The basis on which the model acoustic data were scaled to engine size 
came from consideration of constant Strouhal number at a given jet velocity. 

Z by t^JiuA freqUenCy, ^ was related to the raeasured model frequenc^ 
fe x D8e = tm  * % m 

where D^ is the equivalent physical exit diameter of the model, and D8P is the 
equivalent physical exit diameter of the engine.  The above reUtionshlp6 

assigns the engine jet velocity as that of the model.  The scale factor for 
nozzle diameter, measuring arc, and frequency range thus was defined as the 
ratio of the engine equivalent physical exit diameter to the model equivalent 
physical exit diameter and was set at 8:1 for nearly all JEN0TS model tests. 

Data were presented as model frequency on the 40-foot arc and as scaled 

212^™ ^H01^ ^0~fOOt "^ ExtraPol^lons were done to 300, 1500. and 
fnd ixthout Eel   diStanCeS USin8 59 F' 70% relative humidity air absorption 

All data were corrected for calibration level response and for system 
frequency response of the record/playback system through the entire frequency 
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B.3  CORPORATE RESEARCH AND DEVELOPMENT CENTER 

B• 3.1 Data Acquisition and Reduction System 

Data acquisition is controlled by a HP 2100 series mini-computer that 
obtains the acoustic signals from a GR 1921 real-time 1/3-octave-band analyzer 
and samples the temperatures and pressure signals.  By the use of a scanning 
multichannel amplifier, GR 1566, each microphone signal is sequentially ana- 
lyzed; the signal level of each 1/3 octave band (100 Kz to either 40 KHz or 
80 KHz depending on the type microphone utilized) is stored on magnetic tape. 
For operational monitoring, a three-dimensional plot of SPL, 1/3 octave fre- 
quency, and acoustic angle from each microphone is displayed on an oscilloscope 
as the microphone array is sampled. For backup and when longer averaging times 
are necessary, the acoustic signals are recorded simultaneously on a Sangamo 
Sabre TV, wide band. Group II tape recorder. After all the signals have been 
accumulated, the computer corrects the data for nonunlform response of the 
microphone cartridge. Using these corrected values of the sound pressure 
leveld for each microphone, the 1/3-octave-band acoustic power levels and the 
overall acoustic power level are computed. The raw and calculated data are 
then stored on magnetic tape. 

While the computer is processing the acoustic data, simultaneous measure- 
ment and calculation of all the pertinent parameters for determination of the 
nozzle exit conditions and ambient conditions are also carried out and recorded 
on magnetic tape. As all the pertinenc data exist on one magnetic tape, the 
acoustic information is readily normalized immediately following the test on 
the mini-computer. 

B.A  PEEBLES DATA ACQUISITION AND REDUCTION METHODS 

Standard acoustic data reduction is conducted in the General Electric AEG 
Instrumentation and Data Room (IDR). As shown in Figure 587, the data tapes 
are played back on a CEC3700B tape deck with electronics capable of reproducing 
signal characteristics within the specifications indicated for Wideband Group 
T and Group II. An automatic shuttling control is incorporated in the system. 
In normal operation a tone is inserted on the recorder and the time slot 
designed for data analysis.  Tape control automatically shuttles the tape 
initiating an integration start signal to the analyzer at the tone as the tape 
moves in its forward motion. This motion continues until an integration com- 
plete is received from the analyzer, at which time the tape direction is 
reversed and, at the tone, the tape restarts in the forward direction advancing 
the channel to be analyzed until all the channels have been processed. A time 
code generator is also utilized to signal tape position of the readings as 
directed by the computer program control. After each total reading is com- 
pleted, the number of tape channels at each point is advanced to the next 
reading. 

All 1/3-octave analysis is performed on a General Radio 1921 1/3-octave 
analyzer. Normal integration time Is set for 32 seconds to ensure good inter- 
action for «-he low frequency content. The analyzer has a 1/3-octave filter 
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Zluälr^'l  H2 I0/"0 HZ ^ haS a rated aCCUracy of * i/4 dB ^ each band. Each data channel is passed through an Interface to the GFPAC 30 computer 
tTVr*        ? ?!! corrected for the frequency response of the microphone and 
the data acquisition system; corrected to Standard day (59° F, 70%  RH) atmo- 
Itllil   ,a"enuaJ10* editions per SAE ARP866 Standards (Reference 583). and 
Te  oTut     ^l      ^  the Percelved noi8e ^vel and OASPL from the spectra. 
correc ed SPT '   T^ J8/*8^ to a T*«^« 300 console where the 
for "culrk In I™*  ^ r11^^ OUt 0n Paper tape and Prlnted out °n «heets 
o dl fe en  ar ZlltVr  ^ ^f ^ of a^«lc power or extrapolations 

Zttr  fZTJ < anCeSt   the  data are sent t0 the Honeywell 6000 com- 
tlTlvl'l tn      Pr°CrSinR-  ™S Step Can elther be accompllsherby storing 
o the fiOOO P ^  PuPer utaPe and/0r tran8mittlng via direct time share link 

to the 6000 computer through a 1200 band modem. In the 6000 computer, the 
data are processed through the Full-Scale Data Reduction (FSDR) ^rogrlm where 

on aTLTLfH6 ^1CUJa1
t

I
l0ns are Performed. The data printout'is^'pU^d 

plottJnf ofPthe ilT      tenninal-  A ^^^ tyPe Can be ^^ ^ CALC0MP 

spectrfcL^MH'11^1011 trh"ire8 are available to IDR.  Constant narrowband 
spectra can be reduced on the Federal Scientific UA6 or the EMR (Schlumberger) 
1510 aaalyzer. Complex Time Series analysis such as cross correlation cross 

(cl^Tnu\f^Cti0nS  0n probability density can be processed through the 
(General Radio) Time Data System (computer based system incorporating analysis 
techniques in both the time and frequency domain).        ^porating analysis 

B-5  EDWARDS FLIGHT TEST CENTER 

B-5-1 Data Systems for the J79 Engine Jet Suppression Teat* 

Aero Data Acquisition System and Data Reduction 

Aero data were obtained on the J79 engine with the three jet exhaust nozzle 
configurations. For all test points, sufficient aero data we« coIlecteS to 
determine Inlet airflow, ideal fully expanded isentropic jet velocity nozzle 
pressure ratio, exit gas temperature and thrust. To accomplish this the 
nstrumentatlon signals from the bellmouth inlet static and total pressures 

I'd wait stat'T8 T^ f tWO "^ l0Cated ln the -tension spoop"^ and wall stati. taps located in the extension spool piece, were fed into four 
transducer heads. Other pressures such as compressor discharge static orfasur. 
etc.. were hooked up to individual pressure transducers.  T^e'outpu of I!' 
the pressure transducers was wired into a scanivalve which coulfcomp ete 
a full cycle scan of these individual pressures in 4 8 seconds  n™.   i 

i^frcAT^Tr8^the iniet'turbine ^"^s. •"!! !;• ^ dples 
into a CATS block. The output of the scanivalve together with J^TI^!!* 
instrumentation readouts (e.g.. fuel flow, rpm, etcTwere fe5 into a ^ 
Sys em pulse code modulator) and recorded on .Lgnetic t^e via an AII^ 
FR-100 tape recorder operating at 30 ips.  In the data reduction cen^r the 
tape was played back, amplified, and via a computer decoded to count units 
and scaled to translate the measurements Into engineering units  NL^^ 

aero data were printed out on a 10-per-second baL for^ll^^ured^r^te« 
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and also printed using a 30-second averaging time.  Selected averaged para- 
meters were then used as input to an aero performance computer program which 
printed the as-measured, calculated, and corrected to standard day (59° F 
14.7 psia) parameters. 

Acoustic Data Acquisition and Processing 

Acoustic data acquisition for all configurations was made tnrough the use 
of Bruel and Kjaer microphone systems attached to vertical poles.  Two micro- 
phones per station were used on the 160-foot radius: one high microphone, 
called A, which was at engine centerline and a low microphone, called B, which 
was 2 feet a1 ove the ground.  The far-field microphones were 1/2-inch Model 
4133 cartridges connected to a cathode follower Model 2615.  Each microphone 
was operated from a Microphone Power Supply Type 2801 which provided the 
necessary voltage to the cathode follower.  The output of the microphone was 
fed via a signal amplifier onto the magnetic tape using an Ampex FR-100 tape 
recorder, operating at 60 in./sec with a carrier frequency a 108 KHz.  Each 
signal was monitored by an oscilloscope and RMS voltmeter.  A sketch of this 
data acquisition system is shown in Figure 588. 

The frequency response of each data channel (without microphone head) was 
performed by inserting a Hewlet-Packard Model 8057A Pseudo-Random Pink Noise 
Generator signal into each cathode follower, the signal of which was preserved 
on tape for response determination (pink noise contains all frequencies of 
interest and has equal energy in each 1/3 OB) . 

Each day's acoustic data acquisition was started and finished with a 
system calibration. This was accomplished by inserting a B&K piston phone 
type 2440, on each microphone head and recording its signal output on tape! 
Any microphone voltage output found to deviate more than + 1.5 dB, from 
laboratory microphone calibration, with the piston phone applied,'was 
replaced. All data points were recorded for a minimum of 1.5 minutes to allow 
enough sample length for data reduction. No acoustic data were taken abovp 10 
mph or during gusty winds. 

Acoustic Data Processing 

In this section a description Is given of the data reduction process, 
instrumentation, and the corrections applied to the tape recorded data for 
obtaining: 

• 

"As-measured data," which are the recorded (raw) data corrected for 
the nonlinear frequency response of the data acquisition equipment. 

"Standard day data" which are the as-measured data to which humidity 
absorption corrections were added to obtain sound data at standard 
day conditions of 59° F, 70% relative humidity per SAE ARP 866. 
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•   "Free-field data" which are the standard day corrected for test site 
characteristics. 

In order to ohtain 1/3-octave-band spectra, the data reduction started 
by playing back the speed tapes into a General Radio Real Time Analyzer 
Model 1921.  These data were sampled over a 32-second integration ttm«. Th« 
same portion of the data tape was shuttled back and forth for all data channels 
(microphone stations) and analyzed by the General Radio 1/3 OB analyzer as 
shown in Figure 589.  The output of the analyzer went into a Honeywell H-316 
computer (A-D conversion) which, in turn, generated a computer formated tape 
(digital^tape) which contained the 1/3 OB raw data.  To obtain the "as- 
measured" data, the total frequency response system corrections of each data 
channel were added to the raw data.  To obtain these corrections the frequency 
response tape recording of the pink noise was analyzed by the General Radio 
analyzer for each channel through the same process as the data described above 
(shown on the right-hand side of Figure 588, yielding pink noise response 
levels for each channel and 1/3 OB of interest).  These were fed into the XDS 
computer where they were normalized to the 250 Hz band to obtain the necessary 
corrections.  The response correction for the pink noise generator itself and 
the microphone cartridge response were added to provide the complete system 
response correction.  The system correction breakdown was printed out on a 
hard copy and on punched cards and added together with other nonsystem 
correction factors to the raw data to provide the measured, standard day. 
and free-field sound data. 

^^ Edwards Data Acquisition and Reduction Method fJR5 TnrhW 
Noise Test) "~ ~  

For the J85 turbine noise test all 1/3-octave spectrum analysis and data 
processing included in this report was performed at GE/Edwards Flight Test 
Center, using a General Radio 1/3-octave Realtime-Analyzer, Model 1921  Data 
are sampled over a32-second integration time, with all frequencies sampled 
simultaneously. Through the use of a tape marking system, the same portion 
of the data tape was sampled for all data channels.  The flow diagram of the 
data handling sequence(s) employed for generating 1/3-octave data is indicated 
on Figure 58a. 

All 1/3-octave-band data are corrected xor 59° F/70% relative humidity 
standard day atmospheric absorption via SAE ARP 866 (Reference 58). Extrapola- 
tions are performed taking into account spherical divergence, atmospheric 
absorptions, and Extra Ground Absorption (EGA) from SAE AIR 923 (Reference 
60). Perceived Noise Level (PNL) is calculated per SAE ARP 865 (1969 
Revision), Reference 49. 

Narrowband spectrum analysis was performed at GE/Evendale and GE/EFTC 
using Federal Scientific Ubiquitous Spectrum Analyzers, models UA-6A and 
UA-500. The frequency range was 40-20,000 Hz using a 40-Hz filter bandwidth, 
with 256 scans over a 12.8-8econd Integration period.  Successive spectra 
for each scan are summed digitally over the selected Integration period and 
the resultant average is displayed using an X-Y Plotter. 
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# 
The aerodynamic performance measurements were utilized to calculat* th* 

B-6 AERODYNAMIC TEST FACILITY DATA ACQUISITION AND REDUCTION >fF.THOnc; 

Aerodynamic Data Analysis Procedures 

Introduction 

w.™ The f0r^e" ^nd/low-measuring systems used for this aerodynamic oroeram 
were common for both the FlulDyne and NASA-Lewis test series before SL 
data analysis procedures presented below were the same for bith^aclllt^s 

Flow Rates and Discharge Coefficient 

choke^sS^1 raaS" flow rate throu8h ^e test nozzle was determined with a 
choked ASME long-radius metering nozzle at Station 1. 

Wi 
Kcr CD1 Al Ptl 

^7 

Z£llr^T^T>l^ - * — - — 
CD1 - 1 - 0.184 I^^0'2 

CD1 varied between 0.992 and 0.994 for the present tests. 

The critical flow factor, K, was calculated as a function of tr al nr*0 
sure and total temperature. T^e equation for K. applicable " the r^ge'of 

timUlZ^u*  enCOUntered ln the Pre8ent ^st facility, was obtained 

Kcr = 0.53160 + (Pt + 16.9)[l.581 - 0.00834 (f - 520)] x 10-3 

Pt is In units of psia, and Tt Is in 
0 R. 
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The discharge coefficient of the test nozzle Is defined as the ratio of 

a3 t"^ n "l"'6 thrOU8h the nOZZle t0 the ldeal i-ntropL ^Ls   w 
de r he'd" b"ve

e Pr^e
8Uid

e 'f n *  the aCtUal **"  flOW rate Was determined 
ratio a8 = Pt8/Po) Is "^ ^ a partlcular no"le P«ssure 

W 
81 

Kcr8 A8 Pt8 (A*/A)8 

fi 
t8 

tlitl  ^In^^1':  area rat±0' i8 a unction of X and y. tests, A*/A was evaluated at y - 1.4. For the present 

MM - 3.86393 X-"-""^ : r0.2B571    for    x i lm)i 

A*/A =  1    for    X >  1.8929 

The nozzle discharge coefficient Is then: 

^ W3 
JD8 = W 

81 

Kcrl CD1 Al Ptl 
K8A8Pt8 (A*/A) 

Probed8 Z wal^lculated6 SSl^ITIf ^/^ ^-^-rea-welghted 

Throat Coefficient 

ambient pressure times the exit area: Pressure over 

H m ve + (P - P ) A 

The net static thrust of an exhaust nozzle model was determWH f  ^ 
current test program by applying the momentum equation to theTn^i ",the 
shown In Figure 565 of Section A fi  TJ,« =m»i 

c4"ation to the control volume 

control volL includes enterLg-^reLth"«^8^?' ^2^^ ^ ^ 
various pressure-area terms and'seal Ure forces^and the av?6! T (H2)' 
thrust, (H + P^). Summing axial forces:     *       ^^ eXlt StTeaa 

Fl + P3 (A 3 + AA - A^ - Po (A3 - AA) - H, 
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. 

The stream thrust at Station 1 is the exit stream thrust of a choked 
long-radius ASME nozzle, and Is calculated as: 

Fi = Gl ^ + !•* CD1 Cfgl) x 0.52828 P^ A1 

III  f I =  i*4.*0? P*/Pt = 0-52828 ln the above equation implies an ideal eas The factor G, derived from tabulated values in References 56 «nH S7      g 

the stream thrust from that of an ideal gas to ZtoTTrellfJ'  ^^ 

G  = 1.00012 + 6.8338 x 10"6 x P  (psia) 

CD1 has already been discussed; Cfgl was calculated in an analogous manner. 

-0.2 Cfgl - 1 - 0.109 R^- 

This equation is a semiempirical expression of the thrust coefficient of an 
ffiaiV      v      !,preSSUre ratl0 of ^ - 1.8929 (corresponding to P*/? ! 
0.52828). For the present tests, Gl  varied from 1.001 to 1.002    and C. i 
varied between 0.995 and 0.996. J-.uu/, and Cfgi 

«- „'n'e "T" coefflcle"l: («8) Is defined In this report as the rstlo of 

.rrp^Trsar^tL^ron'T.t ^r«rr.ur rthe 

using the ideal dimenslonless thrust and the model throat conditLsf 

m v 
a i (A*/A) CD8 A8 Pt8 

where, 

mivl 
Pt A* 

1.81162 [l - (l/X)0-2857]1/2 for Y = 1.4 

The thrust coefficient is the ratio of actual net thrust to ideal thrust: 

'fg ra v, a i 
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ex. -e-zsu^a:-:rr-tL^^s^:in te™s of the —— 
H + Po A9 

A8Pt8 

Force Balanre ral.lbratloh 

axlal^o™»^»06 JS ^ ^aded  Ulth kn0",, ••1«1'M " """l" • curva of 
Tifflrt '!!" diVlded ^ readout <H2rt2) varaus C, for no oraaaura 

functxon of balanca output and dlfferantlal ptaaaura co»plataa tha caUbtatlon. 

Instrumentation 

Although the internal and external Instrumentation on the models and In 
NASA rT T flow-meterlng systems was the same for both the ^luSne Ld 

dJ fe're6: S TAlllZe T  ^VC<ulsitl°" -d processing ecu^e^as^ 
mercurv ^H 1/   *   he m0del Pres8ures ^re measured on multiple-tube 
mercury and water manometers.  The stagnation pressure (P  ,1 an^ til        ? 
cavity static pressure (P3) were measured ^bS.&^m.^ Hies 
The pressures were recorded on Polaroid film. The stagnatloStempera^e 
(Ttl) was recorded on a Bristol chart recorder Th*  JL     temperature 
tares were read from the film LÄrSlS'flX^^LSLirS' 
these measurements were used in the data reduction Sputer progr^! 

.llfnm^
eHdat! acquisJtlon and Processing systems at NASA-Lewis were fully 

automated and were physically linked for on-line data reduction  ?hpMah 

recordad on digital magnetic tape, which bacomaa tha Mm«Jfta« rl^ri 
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ft 

> 

Temperature 
readouts-> 

Automatic voltage 
digitizer (AVD) 

48-port scanivalves - 
4 at top, 4 at side, 4 at 
bottom of test section 

czjczjcni—ir—iczi 

—ir—ir—ii—ir^ 

Control room 
typewriter 
(computed data) 

"360" 
computer 

Figure 590. Automatic Data Recording and Processing System. 
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B.7     IJ^SER VELOCTMKTKB  gv^TFn 

B-7-1    ^^Veloclmeter TP^-,^1   UekgrovM 

velocity mea^rlments'at^ach'n^blrs  TilTr f 0'taln1^ «••«  and  turbulence 
Pavele dynamlc8.     Further>   no^a^^ 

Hvendlle6 ]:iVulOColZT0l Tut  T^Tl T T^^ *   ^  GE 

as  developed by CM.  Penny    R^rence  6  )  a'nd W'R    f ffe"ntlal  DOPpler  *™*' 
General Electric R&D Center      It til    H     . ^      *   *  JoneS   ^eference  63)  of the 
the General Electric JENOTS'far-nT?    ad*pted

u
t0 ^et *°lse evaluation use at 

Jet  Noise Progran,.  deta^to be  foLdlrReJ6 ^-^'^nsoreä  Supersonic 
basically a  two-part package Cons Is til nf^f11" **    The ^^P^t Is 
laser velocimeter signal proces^nff 8/ la8er velocl^ter head and  the 
specifically designed  for^^^e^r?'-     ^^ Veloci-ter head  is 
environment.     IT.e laser velocimeter sl.n^        a hl8h-nol8e.  high-vibration 
control room along with ^Ä^XuT^^l^^  ^ the ^ 

Laser VelocimPt-Pr u*^ 

and --iv^X^^^l^^^ .tyPe-     BOth -ansMtting 
mounted on a two-direction    remn^i . 0ne housin8-     The housing is 
mounted on a pneumatic doUy7 ^"^ aCtUat0r' whlch.   ** turn! is 

The ^^T^Lt^^^rrr JS ^  ln Fi
g-  591. 

Photosensor to be contained in one frame      Z J!!?!'' uf' the laSer and 

velocimeter head that was insensitive  to'boJJ /* °hiecti™ wa« a laser 
ficiently stable to require no ^PIH    Ü OUnd and vlbration,   and suf- 
source was chosen for 2Jgh stability    HZ      T 0f ^ klnd-     1Tie la8er ^ 
contained  in  the square cross section  ^nd8-°ff °P«ation.     The laser is      8 

consist  of a beam splitter ^ three Jr'    T"^'    The 0ptlc8 ^^Ponents 
necessary  for  the differential Doonler  ^^V0 ^^  the  la8er be^ 
Figure  591 are mounted oTtlll    three!le«ed '^    ^ tWO UPPer nil"ors ^ 
of returning   (backscattered)  light      Tio^n«815" t0 mlnlmlZe blockaSe 

figure.     Each lens is an alr-speeS'  cXi    f? aue
J

U8ed a8 shown ln  the 

length,   telescope-type objective Uns      ^1 ^^^^   30-lnch-focal- 
lens  to measuring sp'o't)  d dependent^ nolTlZl:0^* ^^  (fr0nt 

-u^^^ol^S!*1 traver8e actuation of the ^ -^- 
Laser Velocimeter Signal Proce ssor 

^^^r j^s/jft!^^ r.^^ ^--- 
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soppier Burst cycles, avoids the so-cslled ambiguity that  Is Inherent   in  .t,. 

of^^r"™" ^ 0f laSer "1«^«"« analysL        e    u e :    thl     iac 
ZrTloTtZtrZZTTC\°f<b°th hl8h and l0" tUrbule"- ■»" '• «Si Wirt 
anoth r adv i a™:    1 e      ?un :„R;    11,!/r«lslf counter-tl.er concept has 

»avenses,   ^uT^-^'S .^ÄL^f rt^:.1?81' ^"^ 

Data Acquisition Equipment 

for the^efvelo^eter "SS'SS?,;' """ «'"'1'1"" «-'P-" ".d 
olume  r„rh„l„r    i     ?; oscilloscope and camera are used to record 
vemc^actua 0^    1  '"«^ P"'"" "y applying either horlaontal or 

Ännll^rdlra^r^S^^^^ 
.^n.'»«.'»: disufts are dis?iayed on an X

-
Y
 '•i'«" ^ ™t 

Stal'^ero" res^L^rsec'oU "Sf' 2! 5T C°Unt" "^' '>- 
is mo It      d contlnuousfrasT^dlc^^f i? Jfa^,- e-er- Je?layS 

Laser Veloclmeter Seeder 

The'majorltyir^r Ubo"^»   jn^iT^.^' J" ^ J"3'"10" POlntB- Jet burner.     The remainder    .1™^ 5^ «"ded into the air supply for the hot 

seeding the ^ZTtlktZ TlÜVÄ ^o^JÜ""1' '« 

Calibration 

the in^r^ce^jlatr^ dal^l^-at0^8" ^ S Part8i tha Spac1^ " 
processor Is calibrated H tllT^Vr^Zl^ZlZ'Z.- ^  ^ '^ 

•   Spacing of Interference Plan** 

The spacing, s, of interference planes (frinees^ 1* Joi-^i     A 
indirectly by measur.ment of IncLded biS^i.i/«^^, 
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ii. mi nwniiMwuwwmnWWWi 

Hot  Jet 

(((((0 

»^ 3-*\ 

Primary Seeding Injector 

•^1 

Secondary Seeding 
Injector 

Hot Jet 
Air Supply 

J 
Dilution  Zone M §L 

\ t f 

Ai-O- Powder 

-^^ 

I 

Shop Air 

Liquid Trap 

<^- 

Remote 
Control  Valve 

Filter Vbpet 'Screen Sandwich 

Figure 594.     Fluidized Bed Powder Feeder and Injectors. 

787 

■ 



Spacing, S Laser Mavelength. \ 
2  Sin (a/2) 

The SfilV0* 1S determined by "»ding the tangent of ct as follows- 

(whose su'rfacTi3" ^T*  t0 Cr08S ^ fal1 0n a di8ta" -g" 

tt^rtt^L%Lr ^thfL^r^lhe s: 8paclnf ^^two 

* Signal Processor Frequency Calibration 

^llltfll  fre?uency oscillator and precision frequency counter 

tZof  thrslL'ar^01160 time ba8e)   are USed  t0 Pr0V'de  -    bra- 
sl™n«LH    i     8? \.PrOCeSSOr'     ^ Pure DoPPler b^st wave  form Is 
?FT anlw^t: y S T 0f ** amplitUde m0dulator ^« ^ith ^ 
due ^o  th! cT\      J™* enVel0pe 8hape' whlch is essentially 
h^L    -,     \^ r^3!1 dlstrlbutlon of light  in a focused Tern» laser 

w^fo™ g
0    e

a ^ r ^ SxiSL^in0^^" 1 a lab—y -ianguiar 
to ad-l„»i- n,.    r 1    'i8*1"11'/ In the equipment Is also provided 

to toorco^rast      ate'i frl"8e COntra" in the '»« "«« *«» "% 

Environmental Sensitivity Checks 

to en^^at^L'rwLllSL0" f' J38" ^'^ ** ^ controUed 
aHgnmant ^^S.'S^A^'^.^^j!1^ »PeolfIcattons.     Beam 
the beam Interaeotlon and allgn^t ^ Pr0Ven the """"«V of 

prooasao^Je"^:^^ « S»0! 'M ^^ ""^ ^^ '*  «» 'tT-» 

^ndooted on the^^r^^Lr^isA^
1Lale^e1-1^

Ck/ 
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APPENDIX C 

JET  NOISE  REDUCTION  TEST   SUMMARIES 
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Table 73.     Test  Summary,   Engine Aerodynamic Performance Data,   Baseline 

Conical  Nozzle. 

Teat  Date:     10-4-71 Test  Location:   GK/KITU-North Base J7y-15 Engine S/N 439-018 

Tvjii.  CnnflRiirHl ion:   Conical   Nozzle   (Basi-1 1 no) ,   0805-2:1   Inlet   Supprensor,   Turbine   Buhaust   Suppre«sor 

RUN KPM NK P< 111   NK OAR HUM T2 'T2 rS2 •2 W2K »» PT7 P
S7 TT7 TT7K 

5.01 1998 5055 65.83 27.56 50 506.9 13.55 13.14 AA.H 15.8 1289 14.55 13,55 1050 
  

1074 
5.02 593(1 5999 78.12 27.56 50 506.7 13.55 13.20 75,6 80,8 2025 16.81 13,91 1020 1044 
5.O:J 6726 681(1 88.68 27.56 50 505.8 13.59 12.55 124,5 133,0 4720 24. 10 13.55 1214 1244 
5.04 693 5 7021 91.47 27.56 50 505.9 13.95 12,31 137,2 146,5 6018 27.74 13.54 1321 1359 
5. or, 7096 7185 93.56 27.56 50 505.8 13.55 12,15 144,7 154,6 6939 30.00 13.90 1390 1425 
5.06 7201 7355 95.78 27.56 52 505.8 13.55 11,98 152,1 162.5 8090 32.58 13.47 1484 1921 
5.07 7465 7561 98.46 27.56 5 2 505.5 13.55 11,92 154,6 165.1 8846 33 .85 13.59 1946 1586 
5.08 761« 7714 100.44 27.56 52 505.8 13.55 11,89 155.8 166.4 9461 34.80 13.58 1609 1649 
5.09 4998 5058 65.86 27.56 52 906.4 13.95 13,44 42,8 45.8 1239 14.55 13.55 1039 1064 
5.10 7602 7706 100.34 27.56 53 904.8 13.99 11,88 156,3 166.8 9461 34.90 13.46 1608 1652 
5.11 7482 7583 98.74 27.56 53 505.0 13.55 11.90 159,5 166.0 8915 34.04 13.54 1563 1605 
5.12 7289 7364 95.89 27.56 53 508.2 13.55 11.97 152,2 162.9 8108 32.58 13.97 1489 1519 
5.13 7088 7164 93.29 27.56 53 507.6 13.95 12.13 149,4 155.6 7011 30.15 13.95 1409 1439 
5.11 6903 6977 90.86 27.57 52 507.6 13.96 12.35 139.9 144.9 5818 27.22 13.62 1305 1333 
5.15 6702 6778 88.26 27.57 50 507.1 13.95 12.95 124.3 133.0 4624 24.14 13.56 1205 1232 
9.16 5962 6025 78.46 27.57 50 507.8 13.56 13.21 75.5 80.8 2022 16.91 13.53 996 1017 
5.17 5006 5059 65.88 27.57 51 507.8 13.56 13.45 42.8 15.7 1262 14,54 13.55 1039 1061 

RUN HPM NK ■■ % ■Vo V7 GAUiA CP OAS R F/A  RATIO rc FGK FGX FGXK FG/FGX 

5.01 4998 5055 42.6 338.0 1.078 516 1,374 .252 53,37 .0084 658 717 684 746 .961 
5.02 5930 5999 75.2 338.0 1.245 863 1,376 .251 53,37 .0079 1960 2135 2019 2200 .971 
5.03 6726 6810 121.3 338.0 1 .807 1510 1,363 .298 53,37 .0106 5691 6202 5836 6360 .975 
5.04 6935 7024 137.2 338.0 2.055 1615 1,355 .262 53,37 .0123 7172 7816 7360 8021 .974 
5.05 7096 7185 144.9 338.0 2.222 1656 1,351 .264 53,37 .0134 8187 8922 8356 9107 .980 
5.06 7264 7355 192.9 338.0 2.413 1709 1,345 .267 53,38 .0149 9297 10131 9504 10358 .978 
5.07 7465 7561 155.2 338.0 2.507 1744 1,341 ,270 53,38 .0160 9901 10790 10065 10969 .984 
5.08 7618 7714 196.5 338.0 2.57B 1778 1,338 ,272 53,38 .0170 10285 11208 10497 11439 .980 
5.09 4998 5058 42.6 338.0 1.078 514 1,379 ,292 53,37 .0081 698 717 681 742 .965 
5.10 7602 7706 157.1 336.0 2,585 1777 1,338 .272 53,38 .0170 10367 11297 10545 11492 .983 
9.11 7482 7583 196.1 338.0 2.521 1753 1,340 .270 53,38 .0161 10038 10939 10208 11124 .983 
5.12 7289 7364 192.6 338.0 2.413 1712 1,349 .268 53.38 .0149 9380 10222 9525 10381 .985 
9.13 7088 7164 149.6 338.0 2.233 1667 1,390 .265 53.37 .0135 8324 9071 8478 9239 .982 
9.14 6903 6977 139.9 338.0 2.016 1606 1.397 .261 53.37 .0120 7021 7648 7133 7770 .984 
9.15 6702 6778 124,1 338.0 1.787 1492 1.363 .257 53.37 .0104 5649 6194 5755 6270 .981 
5.16 5962 6025 7S.2 338.0 1.252 863 1 .378 .250 53.37 .0075 2029 2210 2018 2198 1.005 
9.17 5006 5059 42.6 338.0 1.077 510 1.375 ,252 53.37 .0083 671 730 676 736 .992 

RUH RPM NK V1^ ■V'o «7 \ V9K RUN RPM WIND   (nph) DI»   (") T DRY   (°   F) T WET  <°   F) 

5.01 4998 5055 1.074 1.005 — 42.0 516 922 5.01 4998 6 180 54 51 
5.02 5930 5999 1,244 1.002   76.8 863 873 5.02 5930 8 180 54 51 
5.03 6726 6810 1.801 1.005 —- 124.6 1510 1530 5.03 6726 8 180 54 51 
5.04 6935 7024 2.049 1.004   134.9 1725 1747 9.04 6935 12 180 54 51 
5.05 7096 7185 2.222 1.001   140,4 1855 1878 5.05 7096 10.S 180 54 51,5 
5.06 7264 7355 2.419 .999   144,7 2004 2030 5,06 7264 9 170 54 51.5 
5.07 7465 7561 2.491 1.008   146,0 2086 2113 5,07 7465 9 175 54 51.5 
5.08 7618 7714 2.563 1.007   145,8 2157 2184 5,08 7618 9 180 54 51.5 
5.09 4998 5058 1.074 1.005   42,2 514 520 5,09 4998 0 0 53.5 
5.1(1 7602 7706 2.593 .998   145,8 2159 2189 5,10 7602 5 110 93.5 51.0 
5.11 7482 7583 2.514 1.004   145,6 2103 2131 5,11 7482 6 180 93,9 51.0 
5.12 7289 7364 2.401 1.006   144,7 2008 2028 5,12 7289 2 200 93,5 51.0 
5.13 70BB 7164 2.225 1.005   

140.1 1873 1893 5,13 7088 5 130 94 51.5 
5.14 6903 6977 1.999 1.010   

133,6 1693 1712 5,14 6903 4.5 180 54,5 51 
5.15 6702 6778 1.780 I .005   

123,6 1492 1509 5,15 6702 2.5 300 54,5 51 
5.16 5962 6025 1.250 1.003   

78,7 863 872 9,16 5962 1.5 310 55 51.5 
5.17 5006 5059 1,073 1.004 — _ 42,0 510 516 5,17 5006 8 110 55 51 
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Table 75.     Test  Summary,   Engine Aerodynamic Performance Data,   32-Chute 
Suppressor. 

J79-1S  Engine  S/N  439-012 Te,t   Dat(, 

Test Conflguradon:    32-Chute Compressor,   CJSOS- 

9-26-74 

HUN 

3,01 
3,02 
3,03 
3.04 
3,05 
3.06 
3,07 
3,08 
3 ,09 
3,10 
3.1J 
3,12 
3,13 
3,14 

HIM 

1998 
:i93H 
5022 
5938 
6710 
6903 
7061 
7256 
7449 
7674 
5006 
5954 
6710 
6895 
T088 

3.16 |7264 
7449 
7690 

HUN 

3.01 
3.02 
3.03 
3.04 
3.05 
3.06 
3.07 
3.08 
3.09 
3.10 
3.11 
3.12 
3.13 
3.14 
3.15 
3.16 
3,17 
3,18 

HPM 

m 
1969 
5907 
4994 
5906 
6679 
6879 
7039 
7234 
7425 
7651 
49 S7 
59:-5 
6692 
6884 
7071 
7248 
7433 
7669 

NK 

RUN 

3.01 
3,02 
3,03 
3.04 
3.05 
3.06 
3.07 
3.08 
3.09 
3.10 
3.IX 
3.12 
3,13 
3.14 
3.15 
3.16 
3.17 

2Aa. 

4998 
593« 
5022 
5938 
6710 
6903 
7064 
7256 
7149 
7671 
5006 
5954 
6710 
6895 
7088 
7264 
7449 
7690 

RPM 

4998 
5938 
5022 
5938 
6710 
6903 
7064 
7250 
7449 
7671 
r>006 
5951 
6710 
6895 
7088 
7204 
7449 

am 

1969 
5907 
4994 
5906 
6679 
6879 
7039 
7231 
7425 
7651 
4987 
5935 
6692 
6884 
7071 
7248 
7433 
7669 

61.70 
76,92 
65.03 
76.91 
86,97 
89.57 
91,66 
91.20 
96.69 
99,63 
61.94 
77.29 
87.14 
89.64 
92.08 
94.39 
96.79 
99,87 

23   Inlet  Suppr 

11AR 

27.58 
27.58 
27.58 
27.5« 
27.58 
27.58 
27.58 
27.58 
27.58 
27.58 
27.58 
27.58 
27.58 
27.58 
27.58 
27.58 
27.5« 
27.58 

M 
M 

NK 

1969 
5907 
4994 
5906 
6679 
6879 
7039 
7234 
7425 
7651 
1987 
5935 
6692 
6881 
7071 
7248 
7433 
'669 

40.0 
70.9 
40.0 
70.9 

117.1 
128.0 
137.7 
147.4 
151.7 
153.8 
40.1 
72.1 

117.8 
128,8 
138,7 
147.8 
151,7 
153,9 

H 

338,0 
338,0 
338.0 
338.0 
338.0 
338.0 
338.0 
338.0 
338.0 
338.0 
338.0 
338.0 
338.0 
338.0 
338.0 
338.0 
338.0 
338.0 

K/f, S7 

1.077 
1.216 
1.077 
1.217 
1.680 
1.871 
2.068 
2.315 
2.421 
2.508 
1.078 
1.222 
1.683 
1.666 
2.094 
2.325 
2,399 

i.m 

1.006 
1.004 
1.005 
1.002 
1.004 
1.009 
1.006 

.999 
1.005 
1.006 
1.004 
1.001 
1.006 
1.013 
1.006 
1.000 
1 .009 

um 

52 
52 
52 

P-^/P 

1.082 
1 .219 
1.08] 
1.219 
1.686 
1.885 
2.079 
2.311 
2.430 
2,520 
1,080 
1.222 
1.691 
1.889 
2,105 
2.322 
2.419 
2.513 

521. 7 
24.0 

524.4 
521.2 
523.5 
522.3 
522,3 
521.8 
521.9 
521.8 
522.6 
521,9 
521.4 
520.3 
521.0 
520.9 
520.9 
521.4 

T2 

n:v.i 

«25 
52« 
823 

1409 
1588 
1635 
1698 
1737 
1776 
525 
823 

1407 
1583 
1640 
1698 
1730 
1775 

13.56 
13.58 
13.56 
13.58 
13.58 
13.58 
13.58 
13.58 
13.58 
13.56 
13.56 
13.56 
13.56 
13.5« 
13.50 
13.50 
13.56 
13.56 

  Test  Locstlon:   OE/BFTC-North Base 

issor,   Turbine  Exhaust   Suppressor 

S2 

GAMMA 

42.5 
72.2 
42.7 
72,4 

116.7 
126.7 
134.6 
141.0 
143.3 
143.6 
42.9 
73.6 

117.6 
127.4 
135.7 
141.6 
143.5 

iij.7 

1.373 
1.376 
1.373 
1.376 
1.365 
1.359 
1.353 
1.346 

342 
1.338 
1.374 
1.377 
1.365 
1.359 
1.353 
1.346 
1.343 
1.338 

13.46 
13,26 
13.46 
13.26 
12.67 
12.48 
12.29 
12.08 
11.98 
11.91 
13.46 
13.23 
12.64 
12.47 
12.25 
12.05 
11.96 
11.91 

CP GAS 

533 
825 
528 
823 

1409 
1599 
1760 
1946 
2045 
2132 

525 
823 

1407 
1596 
1779 
1950 
2033 

.253 

.251 

.252 

.251 

.257 

.260 

.263 

.267 

.269 

.272 

.252 

.251 
,256 
.260 
.263 
.267 
.269 
.272 

2 

40.1 
71.3 
40,1 
71.2 

117,3 
128,1 
137,6 
147.1 
151.2 
153.1 
40.2 
72,4 

118.1 
128.9 
138.6 
147.5 
151.2 
153.1 

9K 

530 
821 
525 
818 

1403 
1593 
1754 
1940 
2039 
2126 

523 
821 

1404 
1593 
1775 
1946 
2029 

I  8188 

53.37 
53.37 
53.37 
53.37 
53.37 
53.37 
53.37 
53.38 
53.38 
53.38 
53.37 
53,36 
53.37 
53.37 
53.37 
53.38 
5^.38 
53.38 

HUN 

3.01 
3.02 
3.03 
3.04 
3,05 
3.06 
3,07 
3.0« 
3.09 
3.10 
3.11 
3.12 
3.13 
3.14 
3.15 
3.16 
3.17 

2K 

43.6 
77.3 
43.6 
77.3 

127.2 
138.7 
149.0 
159.2 
163.6 
165.9 
43.6 
78.5 

127.9 
139.3 
150.1 
159.7 
163,8 
165.9 

.0088 

.0074 

.0086 

.0074 

.0100 

.0114 

.012« 

.0144 

.0157 

.0170 

.0085 

.0073 

.0100 

.0114 

.0130 

.0146 

.0157 

.0170 

1257 
1894 
1236 
1H85 
4197 
5234 
6270 
7582 
«465 
929.; 
1213 
188« 
4211 
5246 
6414 
7667 
8462 
9316 

T7 

re 

RPM 

4998 
5938 
5022 
5938 
6710 
6903 
7064 
7256 
7449 
7674 
5006 
5954 
6710 
6895 
708« 
7264 
7449 
7690 

653 
1750 
653 
1723 
4905 
6084 
7236 
8525 
9293 
9342 
653 
1792 
5001 
6153 
7401 
8621 
9279 
9855 

14.61 
16.47 
14.60 
16.46 
22.77 
25.46 
28.08 
31.21 
32.83 
34.04 
14.59 
16.51 
22.84 
25.51 
28.43 
31.36 
32.68 
33.95 

FGK 

WIM) (mph) 

711 
1906 
711 
1876 
5342 
6626 
7881 
9285 
10121 
10719 

711 
1951 
5447 
6701 
8061 
9390 
10106 
10734 

PI« C) 

12 

180 
170 
180 
180 
180 
180 
180 
180 
170 
180 
170 
160 
120 
170 
170 
150 
170 
-LU- 

ST 

13.57 
13,54 
13,56 
13.52 
13.55 
13.61 
13.58 
13.48 
13.56 
13.57 
13.54 
13.51 
13.57 
13.67 
13,58 
13.49 
13.62 
13.66 

PCX 

663 
1820 
657 
1814 
5129 
6363 
7533 
8917 
9646 
10194 
654 
1845 
5155 
6389 
7670 
8963 
9589 

10178 

T DRY   (°  F) 

67.0 
66.0 
66.0 
66.0 
65.0 
65.0 
65.0 
65.0 
65.0 
65.0 
64.0 
64.0 
64.0 
6-..0 
64.0 
64.0 
64.0 

«il-O 

17 

1068 
1029 
1057 

loaa 
1187 
1276 
1388 
1461 
1533 
1606 
LOSS 
1012 
1178 
126« 
1363 
1463 
1522 
1604 

PGXK 

722 
1983 
715 

1975 
5586 
6930 
8205 
9712 
10506 
11104 

713 
2010 
5615 
6959 
8354 
9762 
10445 
11086 

T WET (° F) 

54.5 
54.0 
54.0 
54.0 
53,5 
53.5 
53,5 
54.0 
54.0 
54.0 
52.5 
52.5 
52,5 
52.5 
53.0 
53,0 
53,0 
MUfl 

T7K 

1055 
1018 
1045 
Kill 
1176 
1267 
1345 
1455 
1523 
1596 
1047 
1005 
1171 
1263 
1356 
1456 
1515 
1595 

FO/FOX 

.984 

.961 

.994 

.950 

.956 

.956 

.960 

.956 

.963 

.965 

.998 

.971 

.970 

.963 

.965 

.962 

.968 

835 
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Table  77.     Test  Summary,   Engine Aerodynamic Performance  Data,   32-Chute Plug 

Suppressor with Ejector. 

.179   U.   KilBllif   S/N  4,19-012 TpBt   Datp:     1(1-1-74 Test Location;   GE/ErTC-Nurtli Base 

Test  Conf Ifturatlu II     32-Chutc Plug Suppros »or with E,)Rct or,   CJ805-23   Inlet,   SuppreBBor,   Turbine ExlmuHt SuppreBsor 

HUN Ul'M NK Pcul   NK I1AI HUM T2 -72 P
S2 

W 
2 v »f "T. -87 TT7 TT7K 

4.11] 5022 5054 65.81 27.65 25 512,1 13,61 13.50 42,6 45.7 1261 14,56 13,61 1039 1052 

4.02 1.94 6 59 87 77.96 27.65 25 511 ,5 13,61 13.26 75,3 80.7 1970 16,58 13,57 1009 1023 

1.03 6/ IB 6763 88.07 27,65 26 511.7 13,61 12.63 122.8 131,5 4443 23,40 13,62 1191 1207 

4.04 6903 6917 9(1. Hi 27,65 26 512.0 13.61 12.44 133.0 142.5 5419 23,98 13,69 1278 1294 

4.05 70Hh 7133 92.89 27.65 25 512.0 13.61 12.24 142.7 152.8 6600 28,91 13,66 1367 1384 

4.06 7 256 7309 95.17 27.65 27 511.2 13,81 12.05 I'Sl.l 161,7 7806 31,64 13,66 1439 1480 

1 .07 7449 7503 97,70 27.65 27 511.2 13,61 11.96 154.8 165,7 8565 32,95 13,75 1520 1542 

1 .OM 76H2 7745 100.85 27.65 27 510,3 13.61 11,92 156.5 167,3 9445 34,27 13.75 1605 1631 

4.08 4990 5028 65.47 27.65 27 510,0 13.61 13.50 42,7 45,7 1202 14.51 13,60 1038 1054 

1.10 59 54 5989 77.99 27.65 27 512.6 13,61 13,26 75.2 80.7 1912 16.58 13,56 997 1008 

4.11 6 702 6716 87.84 27.65 30 511.9 13.61 12,63 121,6 130,2 4311 23.10 13,69 1176 1191 

4.12 69 11 6958 90.60 27.66 30 511.7 13.61 12,43 133,6 143.0 5504 26.18 13,73 1280 1297 

4.111 ?ou 7137 92.94 27.66 30 511.5 13.61 12,24 142,8 152,8 6576 28.86 13,65 1361 1380 

4.14 7264 7317 95.28 27.66 30 511.2 13,61 12.05 151.1 161.7 7830 31.74 13,59 1461 1482 

1.15 7165 7521 97,93 27.66 30 511.0 13.61 11,96 154.8 165,7 8589 33.05 13,68 1525 1547 

1.16 7690 774 7 100.88 27.66 30 511.0 13.61 11,92 156.4 167,3 9421 34,16 13,75 1605 1629 

KUN RPM NK \ A8 "r/'a V7 OAMUA CP 0*3 R F/A RATIO ro FOK FOX FGXK FG/FOX 

l.lll 5022 5054 42.4 338.0 1 ,075 505 1,375 ,252 53,37 ,0083 644 699 666 724 ,966 

4 .02 5946 5987 75.0 338.0 1,224 825 1.377 ,251 53,36 ,0073 1837 1995 1923 2089 ,935 

4.03 6718 6763 122.5 338.0 1,728 1442 1.364 .257 53,37 ,0102 5197 5645 5492 5966 ,946 

4.01 6903 6947 132,9 338.0 1,918 1589 1,358 ,260 53,37 .0114 6308 6852 6694 7271 ,942 

4.05 7088 7133 142,8 338.0 2,134 1642 1,352 .263 53.37 ,0130 7542 8192 7975 8663 ,946 

4.06 7256 7309 151.4 338.0 2,336 1695 1,347 ,266 53.37 ,0145 8666 9413 9198 9992 ,942 

1.07 7449 7503 155.3 338.0 2.433 1729 1,343 .269 53,38 ,0155 9256 10054 9834 10682 ,941 

1.0« 7682 7745 157,2 338.0 2,530 1776 1.338 ,272 53,38 ,0169 9791 10635 10436 11337 ,938 

1 .09 4990 5028 42,5 338,0 1.071 493 1,375 .252 53,37 .0079 617 670 651 707 .948 

4 . 10 5954 5989 74,9 338,0 1,224 820 1,378 .250 53,36 ,0071 1796 1950 1909 2074 .940 

4.11 6702 6746 121,3 338,0 1,706 1417 1,365 .256 53,37 ,0099 5060 5496 5345 5806 ,947 

4.12 6911 6958 133,5 338,0 1,932 1591 1.358 ,260 53,37 ,0116 6363 6909 6764 7345 ,941 

4.13 7088 7137 142,9 338,0 2,130 1639 1,353 .263 53.37 .0129 7501 8144 7953 8635 ,943 

4.14 7264 7317 151.5 338,0 2,343 1696 1,346 ,267 53.37 .0145 8653 9395 9220 10012 ,938 

4.15 7465 7521 155,3 338.0 2,439 1732 1,343 ,269 53.38 ,0156 9229 ,0021 9867 10714 ,935 

4.16 7690 7747 157.1 338.0 2.521 1776 1.338 .272 53.38 ,0169 9750 10587 10413 11307 ,936 

Rim RP« NK VPS7 *sA "7 V9 v RUN RPM HIND  (mph) DIR   (°) T DRY   ('  F) T WIT  C F) 

4.01 5022 5054 1,070 1.006   41.3 505 308 4.01 5022 0 0 57 45 

4.02 5946 5987 1.222 1.003   74.0 825 831 4.02 5946 4 340 57 45 

4.03 67 IS 6763 1,718 1,007   120.1 1442 1452 4.03 6718 4 340 56,5 45 

4.04 6903 6947 1,898 1,012   129.2 1620 1631 4,04 6903 4 315 56,5 45 

4.05 7088 7133 2.116 1.010   137.6 1797 1808 4.05 7088 4 280 57 45.6 

4.06 7256 7309 2.316 1.010   143.2 1954 1968 4,06 7256 6 275 57 45.5 

4.117 7449 7503 2.396 1,016   144,8 2037 2052 4,07 7449 5 300 57 45.5 

4 .OH 7682 7745 2.492 1,016   144,9 2135 2153 4,08 7682 6 280 57 43,5 

1 .09 1990 5028 1,067 1 .005   40,4 493 496 4,09 4990 5 280 57 45.5 

1. in 5954 5989 1,223 1.002   74.5 820 825 4,10 5954 8 280 57 45.5 

4.11 6702 6746 1,687 1.012   119.1 1417 1426 4,11 6702 7 280 57,5 46,5 

1 .12 6911 6958 1,907 1,014   130,1 1630 1641 4.12 6911 6 280 57,5 46,3 

4.13 7088 7137 2,114 1 ,009   137,7 1790 1803 4,13 7088 7 280 57,5 46,5 

4.14 7264 7317 2,336 1.004   143,3 1958 1972 4,14 7264 8 270 57.S 46,5 

4.15 7465 7521 2.416 1,011   144,7 2043 2059 4,15 7465 8 275 57,5 46,5 

4.16 7690 7747 2.484 1,016 
— 

144,5 2132 2148 4,16 7690 8 280 57,5 46,5 
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APPENDIX D 

SUMMARY OF TEST POINTS FOR J85 TURBINE NOISE TEST 

A summary of the actual nozzle settings and speeds tested, along with 
the ambient conditions for the J85 test, is presented in Tables 79 through 
87. 

Table 79.  Far-Field Acoustic Tests 
Nominal Ag Schedule. 

Baseline, Bellmouth Inlet, 

NA/9 
A8 P  , 

amb dry 
T * wet R.H. 

Wind 

SPLt Dir Vel 
Rdg (%) (in.2) (in. Hg) (o F) (o F) (%) (deg) (kts) (110°) 

7.1 70.4 139.2 27.79 55.0 48.0 60.8 50 3.0 81.4 
7.2 75.3 130.3 27.79 53.0 47.0 64.9 340 2.0 79.9 
7.3 80.1 130.2 27.79 53.0 47.0 64.9 330 1.5 81.7 
7.4 85.1 130.2 27.79 49.5 46.5 80.8 360 1.0 82.9 
7.5 90.1 130.2 27.79 49.5 46.5 80.8 340 2.5 85.1 
7.6 95.2 112.4 27.80 52.0 48.5 78.7 30 4.5 85.2 
7.7 100.2 112.3 27.80 52.0 48.5 78.7 20 4.0 86.6 
7,8 70.1 139.9 27.80 52.0 48.5 78.7 10 5.0 82.4 
7.9 75.0 131.1 27.80 52.0 48.5 78.7 360 2.5 79.5 
7.10 80.2 131.1 27.80 50.5 47.0 78.1 360 2.0 80.9 
7.11 85.2 131.1 27.80 50.5 47.0 78.1 360 2.0 83.7 
7.12 90.1 131.0 27.80 50.0 48.5 90.3 350 3.0 84.6 
7.13 94.9 113.3 27.80 50.0 48.5 90.3 20 3.0 84.9 
7.14 99.8 113.1 27.81 51.5 49.0 84.5 360 5.0 85.8 

t l/3-0ct ave Band N earest 2nd Sta ge BPF 

Table 80.  Far-Field Acoustic Tests 
Maximum A . 

8 

Baseline, Bellmouth Inlet, 

NA/e A8 
P  . 
amb dry 

T * wet R.H. 

Wind 

SPLt Dir Vel 
Rdg (%) (in.2) (in. Hg) (c F) (o F) (%) (deg) (kts) (110°) 

7.15 69.8 198.8 27.81 51.5 49.0 84.5 40 2.5 84.0 
7.16 80.1 198.8 27.81 54.5 50.0 74.0 40 3.0 83.0 
7.17 90.0 198.8 27.81 54.5 50.0 74.0 40 2.5 90.7 
7.18 99.8 153.0 27.82 54.5 50.0 74.0 20 4.0 89.4 
7.19 69.8 198.1 27.82 57.0 52.0 72.5 20 4.5 83.8 
7.20 79.9 198.1 27.82 57.0 52.0 72.5 70 4.5 82.6 
7.21 90.1 198.1 27.82 57.0 51.5 69.8 50 4.0 91.0 
7.22 99.8 153.1 27.82 57.0 51.5 69.8 60 3.0 89.1 

t 1/3-oc tave Band Nearest 2nd Stage BP F 
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Table  81. Far-Field Acoustic Tests -  Base] ine,   Suppressor  Inlet. 
Nominal Ag  Schedul e. 

A8 
(in.2) 

P    . 
amb 

Wl nd 

NA/e" dry 
T wet R.H. Dir Vel SPLt 

Rdg (%) (in.   Hg) (0  F) (o    F) (%) (deg) (kts) (110°) 
8.1 70.1 138.3 27.73 55.5 53.0 85.6 290 4.0 81.1 
8.2 80.3 131.0 27.74 55.5 53.0 85.6 290 3.0 82.6 
8.3 90.1 131.0 27.74 55.5 53.0 85.6 290 4.0 85.9 
8.4 100.0 112.2 27.74 55.0 53.0 88.3 290 4.5 86.4 
8.5 69.9 139.6 27.74 55.0 53.0 88.3 320 2.5 81.3 
8.6 80.0 139.1 27.74 55.0 53.0 88.3 340 6.0 83.3 
8.7 90.1 130.9 27.74 56.0 53.0 82.9 290 5.0 86.2 
8.8 100.0 112.3 27.74 56.0 53.0 82.9 300 7.0 87.6 

t 1/3-oct ave band  nearest 2nd  stage BPF 
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Table 8S.  Acoustic Probe Tests - Baseline Maximum A 

Rdg 
N/ve 
(%) 

9.5 
9.6 
9.7 
9.8 
9.9 
9.10 
9.11 

69.9 
75.1 
80.0 
85.1 
90.0 
94.8 
100.0 

"8 

(in.2) 

8' 

amb 
(in. HK) 

198.0 27.64 
198.0 27.64 
198.0 27.64 
198.0 27.64 
198.0 27.64 
198.0 27.64 
152.0 27.64 

dry 
r F) 

May 18, 1973 

63.0 
63.0 
63.0 
64.0 
64.0 
65.5 
67.0 

Turbine 2nd Stage 
Tone PWL, (NB) 

134.5 
129.1 
136.6 
140.9 
136.2 
133.4 
135.9 

d 
Table 86.  Acoustic Probe Tests - SpacinB, Maximum A8. 

Table 87.  Acoustic Probe Tests 
Maximum A0. 

Spacing and Treatment, 

Rdg 

25.1 
25.2 
25.3 
25.4 
25.5 
25.6 
25.7 

N/V9 
(%) 

70 
75 
80 
85 
90 
95 
100 

rt8 

(in.2) 

200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
160 

amb 
(in. Hg) 

amb 
r F) 

October 24, 1973 

43.0 
43.0 
43.0 
43.0 
43.0 
44.5 
44.5 

Turbine 2nd Stage 
Tone PWL, (NB) 

111.0 
98.5 
104.8 
105.0 
105.8 
112.6 
111.4 

| 
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